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INTRODUCTION 


During 1911-1913 Kearney, Briggs, Shantz, McLane, and Piemeisel 
(24)? conducted a detailed investigation of the relationship between the 
plant associations and the soil conditions of Tooele Valley, Utah. The 
purpose of this work was to ascertain to what extent natural vegetation 
may serve as an index of soil conditions, and in consequence as an indi- 
cator of the suitability for agricultural development of the soils of a dry 


and in part highly saline region. The work was a natural outcome of 
the interest in indicator vegetation aroused by a paper on the plains 
region by Shantz (27). ' 

With the exception of early papers by Hilgard and his associates, these 
were pioneer investigations on the utilization of the native vegetation of 
the United States as a means of estimating the adaptability of the soil 
for agricultural purposes. The problem of indicator vegetation has since 
been treated more extensively by Clements (2). 

The investigations by our predecessors (24) included extensive deter- 
minations on the physical and chemical characteristics of the soil. They 
investigated moisture content, moisture equivalent, wilting coefficient, 
salt content, and electrical conductivity of the soil solution as measured 
by the Wheatstone bridge, in typical areas of the more important plant 
associations. ‘Their studies show that it is possible from an inspection 
of the vegetation to draw fairly definite conclusions concerning the 
physical and chemical properties of the soil. ‘They correlated these two 
kinds of information with the results of agricultural experience in this 
region, which has long been the locus of limited but intensive and intelli- 
gent crop production, both with and without irrigation. 

At the time these studies were made, methods for the precise measure- 
ment of the physicochemical properties of plant saps in the field were 
not available. It was not, therefore, possible for these authors to 
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consider the physical and chemical properties of the plant tissue 
fluids in the same way that they did the physical and chemical properties 
of the soil. 

Since their studies were completed, much progress has been made in 
the investigation of the properties of the plant tissue fluids in relation 
to environmental factors. The pioneer plasmolytic studies of Drabble 
and Drabble (4) in the little diversified English habitats and of Fitting 
(5) in the extreme conditions of the North African deserts have been 
followed by more exact measurements by the cryoscopic method carried 
out in the Arizona deserts (12), in costal deserts (75), in the man- 
grove swamps (16), in the mesophytic habitats of the eastern United 
States (zz), where electrical conductivity of the sap has also been in- 
vestigated (20), and in the Montane Rain Forest of Jamaica (17). The 
results of these studies, which have been reinforced in their significance 
by parallel investigations on the tissue fluids of epiphytic plants (z8) 
and on those of parasite and host in the case of both rain-forest (13) 
and desert Loranthaceae (rg) point clearly to a close relationship between 
the physicochemical properties of the leaf tissue fluids of the plant and 
its geographic distribution. The significance of this relationship has 
been emphasized elsewhere (14).° 


METHODS 


The methods employed are those used in a series of investigations 
published by the writers during the past several years. 

Tissues were collected in heavy-walled glass tubes and were thoroughly 
frozen in an ice-salt mixture for at least 10 hours (6) in order to render 
the tissues permeable as has been shown to be necessary by Dixon and 
Atkins (3) and by Gortner, Lawrence, and Harris (7). Sap was then 
extracted by pressure in a heavily tinned steel press bowl and was cen- 
trifuged before the determination of the constants. Freezing point 
lowering, A, was determined by means of a thermometer graduated to 
hundredths of degrees.‘ 

Correction for the concentration caused by undercooling was made 
by the usual formula. The results are expressed in degrees of freezing 
point lowering, A, and in atmospheres pressure, P, as calculated from a 
well known formula (9), and tabled up to A=5.99° (zo). 

Specific electrical conductivity was determined at 30° in a Freas 
conductivity cell standardized against N/1o KCl taken as having a 
specific electrical conductivity at 30° of 0.01412 mho. 





* The possible bearing of such investigations on agriculture has been definitely in mind from the earliest 
stage of the work. A favorable opportunity for initiating studies of the properties of the tissue fluids in 
relation to agricultural problems presented itself in 1919 when Dr. ‘T. H. Kearney, Physiologist, in charge of 
Alkali and Drought Resistant Plant Investigations, and Mr. G. N. Collins, Botanist, in charge of Biophy- 
sical Investigations, of the Bureau of Plant Industry, United States Department of Agriculture, suggested 
that it would be desirable to ascertain to what extent the physicochemical properties of the tissue 
fluid of the plants differ from association to association in response to the differences in soil conditions. 

a result of this suggestion, work was undertaken in Tooele Valley in mg, Py = Grantsville was 
selected as a base because of the ready accessibility of all of the associations e following pages give 
the results of determinations carried out in this region in May, June, and July. While a certain number 
of supplementary observations were made in the Stansbury Mountains, in Rush Valley and in the Sevier 
Desert to the south, the results prenened here are mainly restricted to the plant associations treated by 
Kearney, Briggs, Shantz, McLane, and Piemeisel. 

Since our primary object in this investigation was to reinvestigate from an entirely new side the prob- 
lem considered by our predecessors in the field, we have made every effort to follow as exactly as possible 
the classification of vegetation adopted by them. The present paper is therefore incomplete except as it 
is considered in connection with the survey already cited. For this reason a detailed description of habi- 
tats and of the general features of the vegetation is superfluous. 

It is a pleasure to acknowledge our great obligation to Ivar Tidestrom of the Office of Economic and 
Systematic Botany, Bureau of Plant Industry, United States Department of Agriculture, for his pains- 
taking work in the identification of our herbarium materials. 

‘ In the case of some of the more concentrated saps a thermometer of +1 to — 10 degrees range graduated 
ni one-fiftieth degree was of necessity used instead of the one graduated in one-hundredth degree units. 
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At the time the field work was done the writers were not acquainted with 
Mason’s (26) attempt to correct conductivities for the viscosity of the 
solution by determining the increase in conductivity due to the addition 
of a given amount of KCI to the tissue fluids. The conductivities as 
given here are, therefore, the raw values, wholly uncorrected for the 
viscosity of the sap. It is perhaps obvious that it would have been 
impossible in dealing with plants with such a high chlorid content as 
those of the Great Salt Lake region to utilize KCl in determining the 
influence of viscosity on the conductivity, but it may be unfortunate 
that some other salt could not have been employed for this purpose. 

Some measure of the relative importance.of salts and organic solutes 
in determining the osmotic concentration is highly desirable. We have 
used for the purpose the ratio of specific electrical conductivity, K, 
to freezing point lowering, A. 

Chlorid content was determined on samples of sap pipetted in the 
field and preserved in sealed tubes for subsequent analysis. The analyti- 
cal method employed is described elsewhere (25). The results are 
expressed in terms of grams of chlorids Cl per liter of tissue fluid. 


PRESENTATION OF DATA 


In the presentation and analysis of the measurements we have fol- 
lowed as closely as possible the classification of plant associations rec- 
ognized by Kearney and his coworkers (24). Since growth forms have 
been shown to be differentiated in their sap properties by our earlier 
studies on the vegetation of the Arizona deserts (12) and by more recent 
investigations in humid (17) and mesophytic (20) habitats, it is essential 
that the species of each habitat be classified according to growth form. 
Since the herbaceous species are chiefly evanescent, it would be improper 
to include them with the ligneous species in obtaining a general average 
for the association unless it be shown that the concentrations of the 
tissue fluids of the ligneous species remain the same throughout the 
season. 

Because of the concentration of the soil solution due to drying, and 
due also, perhaps, to some extent to the accumulation near the surface 
of salts brought up from lower levels, it seems altogether unlikely that 
concentration of the tissue fluids of the more permanent species of the 
halophytic vegetation will remain the same throughout the season. 
Such a result is quite contrary to the findings of Cavara (z) who in- 
vestigated the changes in a number of halophytes with the march of the 
season. It is therefore necessary in the analysis of the date to arrange 
the determinations chronologically. It is impossible in one year’s work 
to obtain satisfactory data sufficient in quantity to show the seasonal 
change in each of the habitats for even the more important species. 
The results of the present series must serve as merely a rough indication 
of seasonal change. 

An earlier discussion of the plant associations of this region (24) 
emphasized the sharpness of demarcation which characterizes their 
distribution. In our discussion of the constants it may appear that there 
have been considerable difficulties in deciding to which association some of 
the samples should be assigned. ‘This is largely due to the fact that from 
many sides the narrow transition zones, or those which afford a complex 
of physical conditions, are biologically the most interesting. Such con- 
ditions are found, for example, in the washes through the sagebrush 
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and the shadscale associations, in the localities where springs occur along 
the margins of the salt flats, and in the small islands of Kochia in the 
sagebrush association. Such localities give the opportunity of investi. 
gating in close association pairs of species which are normally different 
in their distribution. It has been necessary to explain certain of these 
cases, and this has laid wholly undue emphasis on the indefinite nature 
of the transitions, which in general are quite as sharp and definite as 
our predecessors have indicated. 

Another factor tending to produce an apparent difference in the results 
of the two studies of the region lies in the fact that in seeking for materials 
for physiological determinations the writers availed themselves of tissues 
of a single plant, or of but a few individuals of the rarer species. These 
would be practically left out of account by the descriptive ecologist in 
mapping the vegetation. Thus from the descriptions and species lists 
of the writers it might appear that Kearney and his associates over- 
emphasized the small number of the dominant species. This is not at 
all the case. 


STANSBURY MOUNTAINS AT HIGHER ALTITUDES 


The highest zone of Tooele Valley which is of agricultural (distin- 
guished from grazing and water conservation) interest is that formed 
by the great alluvial cones or fans (outwash slopes). These are, or 
have in all probability been in times past, largely covered by the sage- 
brush association. 

While Kearney and his party carried their observations no higher 
than the sagebrush association of these broad slopes which border the 
steeper foothills, it has seemed desirable in a consideration of the tissue 
fluids of the plants of the region, to include a few determinations made 
at higher altitudes in the Stansbury Mountains. These may serve asa 
basis of comparison with those taken in the desert valley. 

The species mentioned give some idea of the associations to which the 
plants belong. A detailed discussion of the habitats is omitted, since 
we understand that Dr. C. F. Korstian, who has given much attention 
to the Wasatch Mountains, will treat the problem of the tissue fluids of 
the plant associations of these mountains in considerable detail. 

The constants for the species of this association appear in Table I. 


TABLE I.—Physicochemical constants for species of the Stansbury Mountains at higher 
altitudes 





: A Ratio, 
iat conduc- 
. us _ | tivity to 
Growth form and species. rene cen- | Cone depres- 
5 ‘ sion, 
. K/A. 





TREES 
Pinus flexilis James 


Pseudotsuga mucronata (Raf.) Sudw. 


Populus aurea Tidest............... 




















DRUMS: vd ao + ssh sacs 
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TaBLE I.—Physicochemical constants for species of the Stansbury Mountains at higher 
altitudes—Continued 





Atmo- Ss Ratio, 
spheres conduc- 
osmotic tivity to 
concen- depres- 
tration, K sion, 

P. K/A. 


point 
depres- 
sion, 
4. 


Growth form and species. 





TREES—continued 


Freezing 
| 
| 


pO ee 

Average 

Prunus melanocarpa (A. Nels.) | 
Rydb 


y 
Salix scouleriana Barr............ 


oorvcr8ns en ea” 


SHRUBS AND HALF SHRUBS 
Artemisia tridentata Nutt 


Cercocarpus ledifolius Nutt........ 


Average 


Pachystima myrsinites (Pursh) Raf. . 


HERBS 
Aquilegia thalictrifolia Rydb....... | July 


| 
Aquilegia truncata Fisch. & Mey....|...do 
Arnica longifolia D. C. Eat | 

Balsamorrhiza sagittata (Pursh) Nutt.) June 
Castilleja linariaefolia Benth July 
Claytonia lanceolata Pursh..........| June 
Cogswellia grayit C. & R............)...d0 





} 


Cynomarathrum Nuttallii A. Gray 





Own 


Average 


OWN HO 


Eriogonum subalpinum Greene. .. | 
| 


bRO 
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‘TABLE I.—Physicochemical constants for species of the Stansbury Mountains at higher 
altitudes—Continued 





Freering| phere | $e, | conduc | Che 
; one 3 
Growth form and species. depres- — conduc- —e per 
sion, F tivity, ; liter, 
A tration, K sion, Cl 

: P. 4 K/A ’ 








HERBS—continued 
Geranium richardsoniit Fisch. & 
0.78 
0.87 


0.0127 
.O1Ig 


nae 


0.68 
0.95 


0193 
.O174 


1.31 
2435 
1.33 


Ligusticum filicinum S. Wats...... 28 
-Mertensia foliosa A. Nels J -95 
Mimulus lewisit Pursh -75 
Mitella stauropetala Piper -93 
Penstemon procerus Dougl.........|... 10 
Rudbeckia occidentalis Nutt......... | 0.90 
Senecio eremophillus Richards PA 74 
Solidago pumila Nutt <4 . 46 
Stellaria jamesiana Torr [- ¥.33 0230 
PEED 8 oe 2 ies | olen cine <b ope'e 67 .0209 
Veratrum speciosum Rydb vee 05 .6 | .0172 
Wyethia amplexicaulis Nutt......... 19 , 0193 


.O175 
.0238 
-0206 


OL @ Ab 


.0236 
0225 
0134 
.o169 


.0128 
.O152 


.0193 
.022I 





HARHDOW NOAA 
ROrH HN H HOO HW 


So Gone De & He Hw 




















Some of the differences between two or more determinations ‘on the 
same species may be due to differences in the age of the leaves. In 
some instances the snow had but recently disappeared from the ground, 
and the leaves were much younger in the earlier than in the later of the 
two collections. This is true of the determinations on Populus and 
Opulaster. Some of the determinations are based on plants from stream 
banks, while others were obtained from the drier slopes. For present 
purposes it is not worth while to go into the details of local distribution 
of the montane vegetation, which is included merely as a basis of rough 
comparison with the desert habitats. 

Discussion of the results for the individual habitats will be reserved 
until they can be compared with others. This will be given in part in 
connection with the data of the following plant associations, and in part 
in a general summary. 

SAGEBRUSH ASSOCIATION 


In Tooele Valley the sagebrush association, which is one of the most 
important types of vegetation in the Great Basin region, occurs chiefly 
on the bench lands or upper outwash slopes which skirt the mountains. 
It is the characteristic plant covering of the alluvial fans which repre- 
sent the enormous accumulations of detritus swept out from the mouths 
of the canyons. From the agricultural standpoint, the sagebrush asso- 
ciation is of great interest, since it is upon this land that the dry-farm 
cultivation of the small grains is chiefly conducted. 

The lower limits of the sagebrush association are rather sharply de 
fined, and are marked by the upper limits of the shadscale association, 
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of the Kochia association, of the greasewood-shadscale association, or 
even, in places, of the salt flats. 

The upper limit of the association is far less definite, since sagebrush 
extends to considerable elevations and is an important element in the 
vegetation of the mountains. For the purpose of the present paper, we 
have taken the upper limit of the sagebrush association to be equivalent 
to the elevation at which cedars become an important element in the 
vegetation. 

In order to obtain a basis of comparison for the vegetation of the drier 
or more saline habitats, we have found it desirable to make a few deter- 
minations on species growing in the mouths of the canyons. We have, 
therefore, divided the sagebrush association into two parts for con- 
venience of treatment—the sagebrush association of the alluvial fans 
and the sagebrush association of the foothills canyons. 

Since the washes which are not occupied by permanent streams diver- 
sify the topography and soil conditions and afford moisture in greater 
quantities and for longer periods than do the relatively uniform and 
undiversified slopes of the alluvial fans, it has seemed desirable to divide 
the sagebrush association of the alluvial fans into two sections, one of 
which treats of the typical sagebrush association while the other deals 
with the vegetation of the generally dry watercourse or washes through 
the sagebrush association. 

On a priori grounds, one might expect that the osmotic concentration 
of the plants of the typical sagebrush association would be somewhat 
greater than that of those bordering the washes or of the stream beds, 
which are generally dry during the summer season, at the mouths of the 
canyons. 

Our predecessors (24) conclude that in Tooele Valley the soil condi- 
tions for a good stand and development of sagebrush are, (a) a rather 
coarse-textured soil readily permeable to water, with a small run-off and 
good underdrainage, (b) a depth of soil of at least 3 feet in which water 
can be stored and into which roots can penetrate, and (c) at least 3 feet 
of soil in which the salt content is very low. 

These conditions are best met on the upper outwash slopes and on the 
sand hills. Poorly developed plants of sagebrush may occur in other 
localities, as in the Kochia association, and even in the greasewood-shad- 
scale association, but in such localities the development is highly abnormal, 
and the tissue fluids may be characterized by very high concentrations. 

The determinations on the herbaceous species of the sagebrush asso- 
ciation were of necessity made chiefly during the early part of the season, 
since they are “practically all of the ephemeral type. Most of these 
species develop with great rapidity in the early part of the season when 
the soil moisture has not yet been exhausted from the upper foot or two 
of soil. By early summer they have fruited and died down to the ground. 
They are, therefore, “drought evading” rather than “ drought resisting” 
@ 3), corresponding in this regard to the winter annuals of the Arizona 

eserts. 
THE SAGEBRUSH ASSOCIATION OF THE FOOTHILLS CANYONS 


This division has been included largely as a means of securing a basis 
of comparison with the drier or more saline areas of the broad valley. 
It is perhaps misnamed, since the plants considered are practically 
entirely taken from the banks of the watercourses where sagebrush is not 
the dominant element in the vegetation. Sagebrush is, however, the 
chief ligneous plant on the slopes of the canyon walls. 
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This division of the sagebrush association has been given first place in 
the series, since it is the highest in altitude of the three divisions and most 
closely related in respect to both physical conditions and vegetation to 
the preceding associations, grouped under the general term of “ Stansbury 
Mountains at higher altitudes.” 

The following determinations (Table II) were based on collections 
made along the lower course of Box Elder Creek.® 


TasBLE II.—Physicochemical constants for species of the sagebrush association of the 
foothills canyons 





Freezing! sSheres | Specific | conduc- 

‘ poin' © | electrical] (°% 

Growth form and species. . | depres- eres sg conduc- ‘ope 
sion, tration, tivity, 

A. P K, 





TREES AND SHRUBS 


Acer interius Britton ; .4 |0.0147 
Ribes inebrians Lindl...............|... ; .8 | .o156 
Sambucus coerulea Raf ee : -7 | .0163 
Symphoricarpos oreophilus A. Gray. : .I | .0148 


PERENNIAL HERBS 


Agastache urticifolia (Benth.) Rydb. 
Artemisia dracunculoides Pursh ey" 
Artemisia ludoviciana Nutt.........|... 
Castilleja linarieafolia Benth 
Cirsium lanceolatum (1,.) Hill 
Elymus condensatus Pr 
Eriogonum elatum Dougl ; 
Eriogonum subalpinum Greene. ....|... 


.0219 
.0208 
0205 
.0258 
-0259° 
+0357 
-O194 
-0153 
-0176 
-0164 


5 
6 
6 
4 
oO 
.o 
8 
I 
8 
.o 


WwWwny oun > 


.OI70 
.0186 
+0254 
-0235 
.0256 


Mey 
Hedysarum pabulare A. Nels 7 
Lappula floribunda (Lehm.) Greene 
Lithospermum torreyi Nutt see 
Marrubium vulgare L, 
Pachylophus marginatus (Nutt.) 
Rydb 
Rumex crispus L.. abe Bs 
Scrophularia occidentalis + (Rydb. ) 
Bickn. . ; 
Solidago pumila. . 
Sphaeralcea rivularis Torr 


wOaw qur 
tn & we We We 
»Homo 


-O192 
«0233 


a0 


-O174 
+0274 
-0283 
0203 


00 GOD 


BIENNIAL HERBS 


Mentzelia acuminata (Rydb. )-. waht ‘ ‘ 0236 
Oenothera sp . ‘epitel’ Kane 81 -7 | .0188 
Oenothera hookeri Torr. & G. ..do 72 -7 | .0187 
Oenothera strigosa (Rydb.) Mack. 

h ae 71 ‘ .0173 


ANNUAL HERBS 
Lactuca scariola L, July 0.86 | 10.3 | .0207 | .0241 


Urtica breweri S. Wats ...do 1.02 | 12.2] .0221 | .o218 
Urtica gracilis Ait ats 1.32 | 15.8] .o210 | .o159 























6 Unfortunately the sagebrush itself was omitted from the two collections made in this habitat. 
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WASHES THROUGH THE SAGEBRUSH ASSOCIATION 


The constants for the species of this association are presented in 
Table ITI. 


TABLE. I11.—Physicochemical constants for species of the washes through the sagebrush 
association 





. Atmo- . Ratio 
Freezing| Specific : 
point | Somotie | “lectricall Svity to 
Growth form and species. . depres- | concen. | Comduc- |g Ae 

sion, trati tivity, ep’ 
A ration, K sion, 
. P. . K/A, 





TREES, SHRUBS, AND HALF SHRUBS 
Juniperus utahensis (Engelm.) 
le 


mmon 
Artemisia tridentata Nutt 
Atriplex canescens (Pursh) Nutt 


be 


Chrysothamnus lanceolatus Nutt.. 
Ribes aureum Pursh. . bat 
Symphoricarpos oreophilus 1 A. - Gray. Rd 
Kochia vestita S. Wats. . a 


CoOAIHoS bh 


ww ’ 
“ on 


HERBS 


Argemone hispida A. Gray..........]... 09 
Artemisia dracunculoides Pursh ee 27 
Coleosanthus linifolius (D. C. Eat.) 
5 ah -64 
Marrubium vulgare L, #- 98 
Mentzelia acuminata (Rydb.)......|... 29 
Verbascum thapsus L, 8G 20 
Verbena bracteosa Michx............|... 30 


ce BoD HH: 





























4. 
s, 
6. 
2. 
¥ 
3: 
3. 
3 
3. 
4 

5 


eH omo 


THE SAGEBRUSH ASSOCIATION OF THE ALLUVIAL FANS 
The constants for the species of this association appear in Table IV. 


TABLE I1V.—Physicochemical constants is species of the sagebrush association of the 
alluvial fans 





] 
:. | Atmo- * Ratio, 
Mpoint “| SPheres | Gecericgl| condiuc- 
Growth form and species. be depres- — onduc- — 
yy | tration, K sion, 
" Pp. ‘ K/A, 








SHRUBS AND HALF SHRUBS 


Juniperus utahensis (Engelm.) 
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Tas_e IV.—Physicochemical constants for species of the sagebrush association of th 
alluvial fans—Continued 





Freezing) Atm. | Specific Cho 
; point | osmotic rids 

Growth form and species. depres- | ‘concen. | cond per 
sion, | tration ° . liter, 
A. P. ' K, K/A. Cl. 





SHRUBS AND HALF SHRUBS-contd. 


0.0141 
0192 
.o158 
.0176 


Atriplex canescens (Pursh) Nutt... .| Js ; e's .0190 |.... 


0213 


Average 0201 


Tetradymia nuttalliti T. & G....... 


Average 








Ribes inebrians Lindl 
Rhus trilobata Nutt................| June 
Symphoricarpos oreophilus A.Gray. | June 


PERENNIAL HERBS 


Agoseris elata (Nutt.) Greene.......| Ju 
Agropyron spicatum (Pursh) S.& S.| 
Allionia linearis Pursh 

Astragalus sp 


Astragalus cibarius Sheldon 


Astragalus utahensis T. & G........) 

Balsamorrhiza hirsuta Nutt 

Balsamorrhiza sagittata 
RE wa 

Castilleja hispida Benth 


Average 


Chaenactis stevioides H. & A 





Cirsium neomexicanum A. Gray.... 
Crepis gracilis (D. C. Eat.) Rydb...|... 
Erigeron pumilis Nutt . 


Eriogonum elatum Dougl 




















Average 
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TaBLE [V.—Physicochemical constants for species of the sagebrush association of the 
alluvial fans—Continued 





Freezing] spheres | Specific, 
point =, | electri 
Growth form and species. depres- oo conduc- 

sion, tivity, 
A. K, 





PERENNIAL HERBS—continued 
Eriogonum ovalifolium Nutt 


Hedysarum utahense Rydb 


One & 


Lappula floribunda (Lehm.) Greene 


An a 


Average 


Lithospermum torreyi Nutt 
Oreocarya sp 

Phlox longifolia Nutt 

Phlox stansburyi (Torr.) Heller. ... 
Senecio hydrophilus Nutt 








Senecio multilobatus T. & G...... .| 
* Average 

Stenotus acaulis Nutt 

PORES siscsiy's <n e's os last 
Vicia americana Muhl 
Wyethia amplexicaulis Nutt.........|... 
Zygadenus paniculatus S. Wats 

ANNUAL HERBS 

Amsinckia tessellata A. Gray........ 
Argemone hispida A. Gray.......... 
Argemone rotundata Rydb 
Camelina microcarpa Andrz....... 


UII. apis sb +9 v50000 Bim' | 


Erodium cicutarium (L,.) L’Her. . . .| ; ‘ 
Sophia filipes (A. Gray) Heller... .|...do.... | 1.27] 15. 

















SAND-HILL MIXED ASSOCIATION 


Sand dunes or sand hills clothed with vegetation constitute but an 
insignificant part of the area of Tooele Valley. 

We have nothing to add to the general description of the association 
as given by our predecessors. From their rather limited studies of 
the physical conditions, they concluded that the soil is characterized 
by (a) a low moisture-holding capacity, as indicated by the low moisture 
equivalent, by (b) the presence of available moisture, at least during 
the earlier part of the season, at a depth attainable by the more deeply 
penetrating roots, and by (c) a very low salt content. 
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The location of this association, as we examined it, in the path of the 
winds sweeping over Stockton bar from the southwest, results in the 
early desiccation of all the herbaceous vegetation. Only the few deeper. 
rooted woody species are available later in the season. Our series of 
determinations is, therefore, limited. 

e The available constants for the species of this association are given in 

able V. 


TABLE V.—Physicochemical constants for species of the sand-hill mixed association 





: Atmo- F Ratio, 
Mpoimt || SDheres | SPetreal| conduc 
Growth form and species. depres- pee conduc- py 
sie» | tration, | “YY | sion, 

, re: : K/A. 


Chlo- 
rids 


per 
liter, 
Cl. 





TREES AND SHRUBS 





Juniperus utahensis (Engelm.) 1920. 
Lemmon June 3 j .3 |0.0118 [0.0063 
June 11 : ‘ .0127 | .0O7I 
-0122 | .0067 
.0179 | .or12 
.022I | .0137 
-0200 | OI25 
Grayia spinosa (Hook.) Moq........ P ‘ .0429 | .0249 
ANNUAL HERBS 


Abroniasalsa Rydb................. 


Balsamorrhiza hirsuta Nutt 


Anogra pallida (Dougl.) Britt 


Chaenactis stevioides H. & A 
Delphinium sp 


Eriogonum ovalifolium Nutt 
Average 


Oreocarya sp 
Zygadenus paniculatus S. Wats 




















KOCHIA ASSOCIATION 


The Kochia association, composed almost exclusively of the half- 
shrub, Kochia vestita, occupies a narrow belt extending nearly across 
the valley between the lower limits of the sagebrush association and 
the upper limits of the shadscale association. 
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Other ligneous species are in general limited in occurrence to the 
edges of the washes, although very dwarfed sagebrush may occur sporadi- 
cally. A few ephemeral annuals which complete their growth relatively 
early in the season also occur. 

Because of the small number of species and the remarkably small 
variability of the type species, the Kochia association is the most uniform 
in appearance of any type of vegetation occurring in the valley. 


TABLE VI.—Physicochemical constants for species of the Kochia association 


——— 





[oo 2 
| Freezing) spheres 
Growth form and species. | depres- a 
|, soa, traticn, 
P. 





| 


SHRUBS AND HALF SHRUBS 


Kochia vestita S. Wats.............. Ph 0.0444 |0.0226 | 
-0527 | .0220 | 
.0589 | .0228 | 
0454 | .0278 | 
.0372 | .0235 | 
.0363 | .0225 | 
.0146 
; es 0149 | 
Average . . -0206 | 
Artemisia tridentata Nutt a d .0124 
| .O130 | 
.0098 | 
0165 | 


Average 


Atriplex confertifolia (Torr.) S. Wats. 
Chrysothamnus sp 

Chrysothamnus marianus Rydb..... 
Tetradymia glabrata A. Gray........|...d 
Tetradymia spinosa H. & A......... 





wb COHN AO Wawa ¢ Oc + 
PANN WD DO DBHWRHUARO 


Sarcobatus vermiculatus (Hook.) 


HERBS 


Amsinckia tesselata A. Gray 
Camelina microcarpa Andrz...*....|...d 


onl 
nas 


Cleome serrulata Pursh............. 


“ee 


oonunt or & J 
aro fw 


me 


Eurotia lanata (Pursh) Moq........ 
Lepidium pubicarpum A. Nels.... 
Poa sandbergii Vasey 

Sitanion hystrix (Nutt.) Smith......|...d 
Sophia filipes (A. Gray) Heller... . 


oe I oe oe 
AD oon & 
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The type species of the association is interesting in that it may occur 
sporadically in any other association. Our predecessors (24) have 
shown that in the typical Kochia association the upper foot of soil 
is usually free from injurious quantities of salts but that saline sub- 
stances are extremely concentrated in the second, and especially in the 
third foot and at lower levels. Further details are given elsewhere (24), 


Table VI may be consulted for the constants of the species of the 
Kochia association. 





SHADSCALE ASSOCIATION 


The permanent vegetation of the shadscale association is, practically 
speaking, limited to the single ligneous species Atriplex confertifolia, 
which, as a component of vegetation, is one of the most important 
species of the Great Basin. It is abundant on mountains above the 
Bonneville level, and extends below the association of which it is the 
type, to form a prominent element of the greasewood-shadscale associ- 
ation on the lower slopes of the valley and on the ridges which are inter- 
spersed among the salt flats along the southern shore of the Great Salt 
Lake. 

Where the gradient:is so slight that the land appears practically level, 
the shadscale is the only conspicuous ligneous species. The association 
is, however, diversified in places by small washes in which the number 
of woody species is larger. There are also a few ephemeral and per- 
ennial herbs. 

In the summary of the investigations on the physical environment of 
this association, we note (24) that it is usually characterized by ‘‘(1) a 
soil of finer texture, having a higher moisture equivalent than in sage- 
brush land; (2) a deficit in midsummer of moisture available for plant 
growth; (3) a high salt content of the soil below the depth of 1 or 2 feet; 
and (4) as compared with land occupied by the Kochia association, a 
somewhat lighter and more gravelly texture in the first foot and a much 
more uneven surface—conditions which probably result in better pene- 
tration and, hence, in a larger seasonal total of water available for plant 
growth than on Kochia land.”’ 

It has seemed desirable to divide our determinations into two series 
which can not, however, be sharply separated—the typical shadscale 
association and the washes through the shadscale association. 


THE TYPICAL SHADSCALE ASSOCIATION 
The constants for the species of this association appear in Table VII. 


TABLE VII.—Physicochemical constants for species of the typical shadscale association 





Atmos- . Ratio, 
pheres Specific conduc- 
electrical) ,.. 
tivity to 
conduc- epres- 
— sion, 
. K/A, 


| Freezing 

point . 
Growth form and species. Date. depres-, pe on 
—_" tration, 


Chlo- 
rids 





HALF SHRUBS 


0.0214 
.0227 
-O150 
-O150 
0185 


Atriplex confertifolia (Torr.) Wats. . 

















Average 
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Table VII.—Physicochemical constants for species of the typical shadscale association— 
Continued 





s9| Atmos- : Ratio, 
Mpoint *| Dhetes | fverieal | conduc- 
Growth form and species. : depres- es om yn yo be, 
sien, tration, tivity, alame 
" P. . K/a 


Chlo- 
rids 


per 
liter. 
Cl. 





GRASSES 


Bromus tectorum 1, j 1.52 18.3 |0.0221 |o.0145 


Bromus tectorum nudus Klett & 
1.20] 14. 
1.05 | 12 
Average 4391. 3: 
Sitanion hystrix (Nutt.) Smith... .| 78 | 21 
2 .70 | 20. 

OER Paes eles seas Cine Ss -74| 20 
Sitanion jubatum Smith............| } -30 | 15 


-0215 | .0©79 
-0244 | .0232 
-0230 | .0206 








-0292 | .0164 
.0285 
.0289 


.0261 





Ache Oh 


HERBS, OTHER THAN GRASSES 


Amsinckia tesselata A. Gray J -99 f 0215 
Cheirinia repanda (L.) Link.........| May .28 : .0283 
Lappula occidentahs (S. Wats.) 
ne og | 13.1 | .0243 
Sophia filipes (A. Ya Heller .... I 42 ‘ . 0190 
Sophia viscosa Rydb.. : .40} 16. .0242 
—. fortum (Lev. yd , 








05 | 12. .0207 
434 345 .0386 











WASHES THROUGH THE SHADSCALE ASSOCIATION 


The constants for the individual species of the washes through the 
shadscale association appear in Table VIII. 


TaBLe VIII.—Physicochemical constants for species of the washes through the shadscale 
association 





| Atmos- ifi Ratio, 
* a pheres pr oe conduc- 
Growth form and species. Date. depres- osmotic | conduc- | HVity to 
sion, | CONCe- | tivity depres- 
tration, kK. | Sion, 
P. ¥ K/A, 





SHRUBS AND HALF SHRUBS 
Artemisia tridentata Nutt............ 





Average 
Chrysothamnus sp 
Do 





Do | July 
Sarcobatus vermiculatus (Hook.) | May 
Torr. 
MN, oe ke sta ve as chee 
Tetradymia wlebiadi A. Say June 
Kochia vestita S. Wats... covscel Jee 


HERBS 
Iva axillaris Pursh June 
Marrubium vulgare L, 


Nicotiana attenuata Torr 
Rubia tinctorum L... 
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GREASEWOOD-SHADSCALE ASSOCIATION 


This association, in which the two dominant species are the grease. 
wood, Sarcobatus vermiculatus, and the shadscale, Atriplex confertijolia, 
occupy ridges which diversify the broad mud flats or salt flats which 
skirt the southern shore of the Great Salt Lake. 

According to the observations of Kearney, Briggs, Shantz, McLane, 
and Peimeisel (24), it occupies all areas where the water table is 
sufficiently high to make moist soil accessible to the deep-rooting grease. 
wood and where at the same time the upper foot or two are sufficiently 
dry to permit the growth of the shadscale. Where the water table is 
too low, as on the higher outwash slopes, this association gives way to 
the shadscale association. Where the water table approaches the 
surface, the greasewood is associated with Allenrolfea instead of with 
shadscale, or else the greasewood is replaced by the more salt-tolerant 
Allenrolfea and Salicornia. 

In typical areas the two dominant species intermingle in approxi- 
mately equal numbers, but on the higher slopes shadscale is the more 
abundant while on the lower fringes of the association the’ greasewood 
is more abundant. In the lowest zone both the greasewood and the 
shadscale are apt to be dwarfed. 

In classifying our determinations it has been difficult to decide ina 
few instances whether individual collections should be referred to this 
association or to the salt flat communities. 


TABLE IX.—Physicochemical constants for species of the greasewood-shadscale association 





Atmos- : " 
pheres Specific _ | Chio- 
>, | electri sos 
osmotic 
conduc- per 
concen | tivity we | liter, 
tration, . ion, x 
P, ° ; 


Freezing 
point 

Growth form and species, 5 depres- 

sion, 
4. 





SHRUBS AND HALF SHRUBS 


Sarcobatus vermiculatus (Hook.) 


os 


~ oa 
of SW CONTE II: 


~ Ot @POmumoO- - 


Average 


Sg ag confertifolia (Torr.) S&S. 




















so RS eres eee 





Mar. 22, 1924 Tissue Fluids of Indicator Plants 909 





Taste IX.—Physicochemical constants for species of the greasewood-shadscale 
association—Continued 





Freezing Specific Chlo- 
point > | electrical rids 
Growth form and species. depres- conduc- 


sion, ; tivity, liter, 
4. . K, . 








SHRUBS AND HALF SHRUBS—CON. 


Atriplex nuttallit S. Wats 


phaaR BDHAD 


22 
44 
39 
3 
6 
4 
4 


ys HO 
AOAbhEA: 


aa! Se Bs Ge Gon Cod G8 Gee 
3 AWW ONO 


aa: 


Artemisia spinescens D. C. Kat...... 

Tetradymia glabrata A. Gray........ 

Tetradymia nuttallii T. & G......... 

Tetradymia spinosa H. & A......... 

Chrysothamnus sp 

Chrysothamnus nauseosus (Pursh) 
Britton 


se He we DH 


iS) 
e 
° 


PERENNIAL HERBS 


Oreocarya sp 


ANNUAL HERBS 


Re ab far eae aang 9 
Cheirinia asperrima (Greene) Rydb.| } 
Lepidium scopulorum M. E. Jones. .|... 


Thelypodium elegans Jones aa 
Thelypodium macropetalum Rydb. .|... 


85607—24——-2 
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Few species are found in addition to the two type species, Sarcobatus 
and Aériplex confertifolia, and the half shrubs, Atriplex mnudttallii, 
Kochia vestita, Dondia torreyana and in the transition zones Allenrolfea, 
Other shrubs are extremely rare, and those included here are given 
because of the interest which attaches to determinations based on species 
which are out of their natural range. 

Herbaceous species are practically limited to annuals which complete 
their growth early in the season. 

Table IX contains the constants for the individual species of the 
greasewood-shadscale association. 


GRASS-FLAT COMMUNITIES 


The grass flats, which occupy the lowest areas of the region under con- 
sideration with the possible exception of the salt flats, are abundantly 
supplied with moisture. This isin part supplied by springs and seepage, 
which vary greatly in salinity. The investigations of our predecessors 
in this field indicate that “the soils are characterized by (1) a high mois- 
ture-holding capacity, ascribable partly to the fine texture and partly to 
the large quantity of organic matter present, (2) the presence near the 
surface and usually throughout the summer of moisture available for 
growth (above the wilting coefficient), and (3) a salt content sufficiently 
high to be injurious to many crop plants.”’ 

The great diversity in conditions may be illustrated by determinations 
on the spring water in two different localities. Determinations on the 
water from the springs at the northern end of the Stansbury Mountains, 
and from the drainage channels from these springs, are given below (p. 913). 
These may be compared with one sample taken from a small slough in 
the lower part of the valley between Grantsville and Garfield which gave, 
on July 27, A=0.07, P=0.84, K=.0017, KA=.0251, Cl — 0.3. 

Kearney and his associates point out (24) that while the vegetation 
of the grass flats is for the most part distinctly halophytic, there are 
limited areas around springs where the vegetation resembles that of the 
ordinary nonsaline meadow. ‘The vegetation shows considerable diver- 
sity, and several subdivisions may ultimately be recognized. A precise 
classification of the vegetation must, therefore, await further investiga- 
tion. The transition between the grass-flat communities and the grease- 
wood-shadscale association and the salt-flat communities is not sharp. 

Our series of determinations for the grass-flat species is inadequate. 
This is in part due to the fact that the grass land near Grantsville has 
been intensively grazed and mowed, and in part to the fact that it is 
extremely difficult to obtain samples of some of the grasses. The leaves 
of Distichlis spicata are often covered with salt, and to remove this with- 
out influencing the concentration of the leaf-tissue fluids is very difficult. 

The determinations given must, therefore, be considered as prelim- 
inary notes on some of the species rather than as an adequate treatment 
of the vegetation. Unless otherwise stated, the determinations are based 
on collections near the southern shores of the Great Salt Lake. 

Table X gives the constants for species other than the grasses. Be- 
cause of the difficulty of working with the latter, it has been necessary 
to include determinations made in places other than Tooele Valley. 
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TaBLE X.—Physicochemical constants for species other than grasses in the grass-flat 
communities 





| | 
ing| Atmo- | P tio, 
pein | sees | SERS conduc | Cie 
Growth form and species. > teil depres- ——) conduc. | tivity to| 

| stom. | tration, | tivity. 
| . P. | 

| 

| ! 





SHRUBS AND HALF SHRUBS 


Sarcobatus vermiculatus Croats). " 


Torr. . hate iiad , 2 0.0499 10.0238 
Atriplex nuttallii S. Wats. et Wererie ¥ -I | .0587 | .o1go | 
Allenrolfea occidentalis (S. Wats.) 

Kuntze » 2G ak ¢ ; .0617 | .o198 
.0700 | .0186 
-0675 | .0197 
.0672 | .0197 
-0690 | .0194 
: -0652 | .0203 
Average ; . .0667 | .0196 


HERBS, OTHER THAN GRASSES 








Salicornia rubra A. Nels ‘ -9 | .0615 


Atriplex rosea I, 02 -3 | .0416 
lL aSoRS -9 | .c601 

Average -63 -6 | .0509 
Grindelia squarrosa (Pursh) Dunal. . 47 7.6 | .0324 








MARSH HERBS 


Eleocharis sp. . AGELESS FE .07 | 32. 
Juncus balticus Willd. .36 | 16 


-0251 | .0235 | 
| .0290 | .0213 

Scirpus olneyt A, yal | .50 | 18 
-34| 16. 
.16 14. 
+33 10. 
Triglochin maritima L..............| .64 | 31 


-64 |} 31. 
Average -64 | 31 


-0367 | .0244 
.0322 | .0240 
-0316 | .0273 
+0335 | .0252 


-0535 | .0203 | 21. 
-0528 | .0200 | 19. 
+0532 | .0202 | 20. 


| 








AAA COHO HO 








TABLE XI.—Physicochemical constants for the grasses in the grass-flat communities 





Atmos- . Ratio, 
pheres ni conduc- 
: osmotic ~ | tivity to | i 
a concen- | 4. depres- 
A * | tration, K 4 sion, 
s ) sf P K/A. 


Depres- 
sion of 





Sporobolus airoides Torr. ........... , . ; 0.0156 
.O17 


Distichlis spicata (L,.) Greene 


Hilaria jamesii (Torr.) Benth. ......|...d 
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Table XI gives the constants for the sap properties of the grasses. 

SPOROBOLUS AIROIDES TorR.—The first determination of July 27 was 
made on material taken in Tooele Valley. The sample of June 28 was 
taken on the small sand dunes southeast of Pavant Butte in the Sevier 
Desert. This species also occupies low depressions on the leeward side 
of sand dunes on the eastern edge of the sterile portions of the Great 
Salt Lake Desert at Knolls, where it was taken on July 17. 

DISTICHLIS SPICATA (L.) GREENE.—It is not known just how large a 
concentration of soil solution D. spicata will tolerate. Kearney and his 
associates noted that the salt concentration is higher in the soil under the 
salt-grass community than under that occupied by the Sporobolus- Chry- 
sothamnus community. The writers’ notes show that where the drainage 
water from the thermal springs at the northern end of the Stansbury 
Mountains is abundant, D. spicata and Salicornia utahensis occur in 
association. A reading on the water indicates an osmotic concentration 
of about 21.6 atmospheres and a conductivity of 0.046 mho. 

For actual determinations on the tissue fluids of Distichlis spicata we 
must turn to collections made elsewhere than in Tooele Valley. Asample | 
was taken on the low grounds east of the Ice Spring Craters lava field, 
Sevier Desert, on July 5. 

At the bottom of the Terrace Crater, Ice Spring Craters, Sevier Desert, 
is a small plot of grass which has apparently remained in about its present 
condition since it was first noted by the geologists of the Wheeler survey. 
It is a pure stand of Distichlis spicata. The plot is not much higher than 
the level of the ground water in the ancient lava vent, which has been 
shown to be rather saline (°). Thesample taken at midday on July 5 (the 
second sample of that date) was possibly slightly wilted and with a trace 
of excreted salt on the surface of the leaves. Repetition of this col- 
lection on July 20, 1921, gave somewhat lower values. 

These determinations indicate a rather high concentration, including 
an abundance of chlorids, in the leaf-tissue fluids of the salt grass when 
growing in its typical halophytic habitats. When growing where salts 
are less abundant, as on the sandy plain which represents a portion of 
the ancient delta of the Sevier River (sample of June 29), the plant shows 
a much lower concentration. 

The values for osmotic concentration and electrical conductivity are 
only about half as large as those which were found when the species was 
growing in highly saline areas. The chlorid content is only about one- 
fourth as high. One of these lacks a conductivity measurement. That 
Distichlis spicata has an inherently higher concentration than some other 
grass species, and that the concentration is not determined solely by 
the environment is shown by comparison with determinations made on 
Hilaria jamesu with which it was immediately associated, (June 20), on 
the ancient delta of the Sevier River. We may note that H. jamesti 
contains only about half the chlorids found in D. spicata in association 
with it. 





SALT-FLAT COMMUNITIES 


The most highly saline conditions of the region are encountered in the 
great mud flats which cover an area of many square miles along the 
southern shore of the Great Salt Lake. These flats are diversified by 
low ridges, which have already been considered in the discussion of the 
greasewood-shadscale association. The flats are so gently sloping that 
they appear level. In drier periods the grit of salt can be felt as one 
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walks across them, and when viewed from such a distance that the 
scattered hummocks of vegetation can not be seen, they are gleaming 
white. 

These flats are practically devoid of vegetation except for the two 
extreme halophytes, Allenrolfea occidentalis and Salicornia utahensis, both 
half shrubs. Annual species may -start growth, and even flower on 
these hummocks, but this is due only to their capacity for rapid growth, 
which may be considerably advanced before.the salts which have been 
leached out of the upper layers of soil by the spring rains again become 
highly concentrated at the surface. Probably any of the annual species 
which are reported from the ridges in the flats (see greasewood-shadscale 
" association) may begin, or perhaps even occasionally complete, a very 
dwarfed development on the low hummocks which constitute the vege- 
tated fraction of the salt flats. The most characteristic of these species 
is the minute Capsella elliptica Meyer, which was found in countless 
numbers on the lower portions of the ridges and even on the hummocks. 
These plants were, however, practically all matured at the time of our 
first visit, on May 28. Thus they must be characterized by early 
germination and extremely rapid development. 

Water is generally found at a relatively short distance below the 
surface. This may differ greatly in concentration from place to place, 
as is shown by the following determinations (Table XII) based on samples 
from shallow borings. — 


TaBLE XII.—Physicochemical constants for spring, ground, and surface water, Tooele 
Valley, Utah 





Freez- | Atmos-| : Ratio, 
homed ; : ing | pheres, | Seotie condue- | Chlo- 
Depth to water, in | Chief constituent of point |osmotic| d tivity to | rids per 
inches. vegetation. depres- | concen- civity, epres- | liter, 
| » |tration,| K . sion, 
P. 5 K/A. 





| Allenrolfea 33-1 |0.0608 |o.0220 | 
Salicornia. 


| 
30.4 | .0597 | .0236 | 
38.4 | .0704 | .0219 | 
; sates 45-4 | .0750 | .o1g7 | 
Unrecorded.......|..... : 95.2 | .1108 | .0138 
Thermal springs... . ‘ 23.3 | .0689 | .0355 





Drainage channels 30.2 | .0470 | .0187 | 24.9 

21.6 | .0462 | .0257 | 30.4 

ge 21.6 | .0476 | .0265 | 17.7 

Spring ; 8.0 | .0203 | .0305 | 6.2 

Drainage from ‘ 8.1 | .o21r | .0312 | 6.2 
spring. 

Surface water....... ’ 48.3 | .0865 | .o214 | 38.5 

















Sample 1 was taken from a small hummock on the generally sterile 
mud flats near Bermester. Samples 2-5 were taken within a narrow 
radius on the highly saline, and largely sterile, mud flats near the warm 
springs at the foot of the Stansbury Mountains northwest of Grantsville. 
These thermal springs differ in temperature and salinity. Sample 6 
was taken from the deepest of the three springs, on June 18. Water 
from the drainage channels from this group of springs was taken in two 
places on June 18 (samples 7-8) and again on July 1 (sample 9). 
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There are large springs near the northern end of the Stansbury Moun. 
tains, wliich have small run-off streams which feed limited grass-flat 
areas, but their waters are soon lost in the sterile mud flats. The con. 
centration of the water of these springs has not been studied in detail, 
but is much less than that of the ground water as noted above. Sample 
10 was taken from a large spring at the northern end of the Stansbury 
Mountains. Sample 11 was collected from the drainage channel from 
this spring on June 12. These values show a relatively low concentration, 
as compared with those given above, but the water soon reaches high 
concentration through evaporation. This is shown by the results for 
sample 12 collected on the same date (June 12) from a depression in 
the mud flats, and which had probably in part been derived from these 
same springs. The results indicate that the concentration of the ground 
water varies enormously in relatively short distances, and suggest that 
the sheet of water must be derived in large part from higher levels, 
Near Bermester there are calcareous rings which indicate the presence 
of active springs at an earlier period. 

The constants show the great variations of concentration to which 
the species which struggle for existence in this region may be subjected. 

The determinations on the plant species are given in Table XIII. 


TABLE XIII.—Physicochemical constants for species of the salt flats 


: Atmos- 
oy pheres 
Growth form and species. depres- osmotic 
sion, | Concen- 

A ¥ — 





SHRUBS AND HALF SHRUBS 


Allenrolfea occidentalis (S. Wats.) 
Kuntze 





bO OO WHO & 


Average 


mye vermiculatus (Hook.) 

















~~ es FF CTH oot ote 
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DISCUSSION OF RESULTS 


Comparison among the various associations may be made in two ways, 
(a) by the comparison of the average values of the whole series of deter- 
minations made in the several associations and (b) by the comparison 
of constants based on one and the same species when growing in two 
different associations. 

Notwithstanding the very large number of determinations made 
in our field operations, a fully satisfactory comparison on either 
basis is not yet possible. Conditions of vital importance to the plant, 
such as soil moisture, soil salinity, temperature, insolation, and the 
evaporating power of the air, change rapidly with the march of the 
season. Thus two determinations on the same species in two different 
associations are not directly comparable unless synchronously made. 
The great labor of securing the samples and carrying out the measure- 
ments renders this ideal practically impossible of attainment. Thus the 
comparison here made must be regarded as tentative. 


COMPARISON OF THE VARIOUS ASSOCIATIONS OF TOOELE VALLEY AMONG 
THEMSELVES 


The averages of the various constants for the habitats discussed in 
the preceding pages appear in Table XIV. 

Considering first the mean values of freezing point lowering in degrees, 
A, and osmotic concentration in atmospheres, P, we may note first of 
all that in every instance the osmotic concentration of ligneous plants 
is higher than that of herbaceous plants. This result is in agreement 
with that derived from earlier studies in the more mesophytic region of 
Long Island, N. Y. (rr), in the Jamaica Montane Rain Forest (17), and in 
the Arizona deserts (12). In the comparison of the various habitats we 
must, therefore, direct our attention to the two growth forms separately. 

It is clear that for the ligneous plants the osmotic concentration in 
the sagebrush association is higher than that in the Stansbury Mountains 
at higher levels. This is true whether we consider the three subdivisions 
of the sagebrush association separately or class all three together. 

The number of ligneous species from the sandhill mixed association 
is too small to justify a comparison between it and the sagebrush asso- 
ciation. The average of the three ligneous species is, however, higher 
than that of the ligneous plants of the Stansbury Mountains at higher 
elevations. 

The ligneous plants of the Kochia association show a higher osmotic 
concentration than that found in any of the foregoing habitats. 

The ligneous species in the shadscale association as a whole seem to 
show lower concentration than those of the sagebrush association. This 
is, however, due to the fact that most of the ligneous species recorded as 
occurring in the shadscale association are found in the washes where 
they doubtless have a much larger supply of water. The average of 
the determinations on the shadscale itself is 43.6 atmospheres, a value 
far higher than that of any of the preceding. Even higher values for 
the leaves of the shadscale have been demonstrated elsewhere and 
probably would be found here if determinations were made at the period 
of maximum dryness. 
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TABLE XIV.—Average values of the physicochemical constants for the various plan{ 
associations 





Habitat, 





Stansbury Mountains at higher altitudes 
(Table I): 
Lign ; -06 |0.01225 [0.00904 
Herbaceous 4 i .01726 | .01674 
Sagebrush association@: 
Lign ‘ e -02433 | .01333 
Herbaceous ‘ ‘ F .02132 | .01884 
Sagebrush association of the foothills 
canyons (Table II): 
Ligneous : : -01535 | .O1005 
INES ofc 50:35 Suge's'sryinn'. ginal) ; -02209 , .01988 
Washes through sagebrush association 
(Table III): 
Ligneous ‘ ; .02704 | .01308 
Herbaceous . : .02136 | .01563 
Sagebrush association, alluvial fans 
“tTable IV): 
Ligneous , . .02552 | .01459 
Mears Ser eee be % .02073 | .o1871 
Sand-hill mixed association (Table V): 
Ligneous . 20. .02503 | .01470 
BOI ane sink ies 6 + cringe Sinn li de Tm -02096 | .01934 
Kochia association (Table VI): 
Ligneous ; 27. -03904 | .01853 
Herbaceous -371 | 16. -02390 | .01759 
Shadscale association ; 2 


ao faa fb oO cf W393 Eb 


_—. 
= 





-546 | 18. .02836 | .01845 
Herbaceous .207 | 14. -02479 | .02017 
Typical shadscale association (Table 
VII): 
Ligneous .866 | 22. 03276 | .01806 
Herbaceous -237 | 14. +02523 | .02050 
Washes through shadscale association 
(Table VIII): 
Ligneous -368 | 16.46 | .02592 | .01867 
Herbaceous +155 | 13.88 | .02377 | .o1940 
Soe association (Table 
Ligneous -674 | 31.98 | .04525 | .or7g2 | 18.50 
Herbaceous -954 | I1.50 | .o1942 | .o2012 | 1.70 
Grass-flat communities (Table X): 
Ligneous -863 | 34.37 | .05843 | .02080 | 14.80 
Herbaceous -963 | 23.57 | .04080 | .o2153 | 12.53 
Salt-flat communities (Table XIII): 
Ligneous -157 | 37-87 | .06247 | .02143 | 26.45 
Herbaceous. ............-4++++4+4++| 2-880 | 34.60 | .05690 | .02030 | 24.30 
@ These averages have been obtained by merely combining the totals for the subhabitats given below. 


They have not been recalculated from new species means in the cases in which the same species is found 
in two of the subha bitats. 




















on 25 co oc 2 ans SS febe 





— Tissue Fluids of Indicator Plants 917 





The ligneous plants of the greasewood-shadscale association, the grass- 
flat communities and the salt-flat communities average 32 to 38 atmos- 
pheres. These figures, which must be regarded as approximate merely, 
show that the osmotic concentration found in the native vegetation of 
these habitats is far higher than that which is found in the tissue fluids 
of cultivated plants. Thus the physicochemical characteristics of the 
tissue fluids of the native vegetation are such as to indicate that few if 
any cultivated plants have osmotic concentration in their tissue fluids 
which would suit them for. prolonged growth in such an environment 
as that presented by the shadscale association, the greasewood-shadscale 
association, the grass-flat, and the salt-flat communities as they exist 
in Tooele Valley. This does not necessarily imply that such habitats 
could not be suited for crop growth by proper irrigation under con-- 
ditions permitting the removal of the salts from the soil by leeching 
and drainage. 

Comparing the mean values of specific electrical conductivity in 
ligneous and herbaceous plants, it appears that in every unit of classi- 
fication except the Stansbury Mountains at higher altitudes and the 
sagebrush association of the foothills canyons, the conductivity is higher 
in the ligneous than in the herbaceous plants. 

This result is in apparent disagreement with the findings of an earlier 
paper (20) in which it was shown that the specific electrical conductivity 
of ligneous plants is lower than that of herbaceous forms. 

It must be remembered, however, that in the desert proper we are 
comparing herbaceous species of a very ephemeral nature with ligneous 
species which, to a greater or less extent, remain active throughout the 
season. .Many of the latter are typical halophytes. Thus it might be 
expected that the ligneous plants would absorb and retain in solution 
larger quantities of salts than the herbaceous forms. 

In the Stansbury Mountains at higher elevations and in the sagebrush 
association of the foothills canyons where the conditions are more meso- 
phytic the conductivity of herbaceous plants is higher than that of 
ligneous plants, just as has been found to be the case in determinations 
made on Long Island. 

The average value of the ratio of specific electrical conductivity to 
freezing point depression K/A is higher in herbaceous than in ligneous 
plants in all the units of classification of the vegetation, with the 
exception of the constants based on the wholly inadequate series of 
determinations on herbaceous species in the Kochia association and in 
the salt flats. This result is in full agreement with the writers’ earlier 
findings. 

Turning back to the osmotic concentrations of the herbaceous species, 
it is clear that there is considerable irregularity in the values for the as- 
sociations higher than the grass flats and the salt flats. It is difficult to 
be certain of the same graduation in the magnitudes of osmotic con- 
centration as has been demonstrated for the ligneous species. It must 
not be forgotten, however, that we are here dealing largely with ephemeral 
species, which die down before the conditions become very severe. The 
average osmotic concentrations for the grass flats and salt flats are con- 
spicuously higher than those found in the other associations. 

The chlorid content of the species of the greasewood-shadscale as- 
sociation, of the grass-flat communities, and of the salt flats is con- 
spicuously higher than that of any other habitat. The series of analyses 
is not sufficiently large to render further discussion desirable at this time. 
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COMPARISON OF CERTAIN OF THE DOMINANT OR TYPE INDICATOR SPECIES 
OF THE REGION CONSIDERED 


In the preceding section we discussed the average values of the con. 
stants for the various plant associations, pointing out the possible sources 
of error in such a method of comparison and referring to the desirability 
of a compariosn based on the individual species constants. 

Limitations of space preclude the making of such a detailed com. 
parison in this place, and it is reserved for publication at a later time. 

The chief indicator species of the region, and a detailed discussion of 
the physical conditions of the habitats in which they occur, may be 
found in the lists of species discussed by our predecessors (24). ‘Their 

' data, taken in combination with those presented in the tables of this 
paper, make possible for the reader a comparison of the individual 
species among themselves. 


COMPARISON OF TOOELE VALLEY WITH CERTAIN OTHER REGIONS WHICH 
HAVE BEEN INVESTIGATED 


Those who have read the various papers on the sap properties of the 
native vegetation of other regions, cited in the introduction of this paper, 
will note that the osmotic concentrations reported in the Utah habitats 
are very high as compared with those generally found elsewhere. The 
only comparable values are those found by Cavara (z) in plants growing 
along the margins of salt-concentrating basins, by Fitting (5) in the 
extreme conditions of North African deserts, by Harris, Lawrence, and 
Gortner (12) in the most saline portions of the Arizona deserts, by 
Harris and Lawrence (15) in the more saline regions of the Jamaican 
coastal deserts, and by Harris and Lawrence (76) in the mangrove 
swamp. ‘These results are in full agreement with the theory that the 
physicochemical properties of the leaf-tissue fluids furnishes an ex- 
cellent index of the physical and chemical conditions of the soil, and 
lends strength to the conclusion that only agricultural plants of ex- 
tremely short-growth periods, such as would enable them to mature 
during the period of more abundant soil moisture and lower salinity of 
the surface layers of soil, or which are capable of developing high osmotic 
concentration and electrical conductivity of their tissue fluids, may be 
expected to thrive under the more extreme conditions, unless these are 
modified by irrigation. 

A more detailed comparison of the constants of the plants of this 
region with those of other regions would be of interest from the eco 
logical rather than from the agricultural side, and will not be attempted 
here. An investigation of other Utah and Arizona desert regions is in 


progress, and further discussion may await the completion of these 
more extensive studies. 


BEARING OF THE RESULTS ON THE PROBLEM OF CROP PRODUCTION 


In discussing the results of their study of the botanical composition 
of the natural vegetation of Tooele Valley in relation to the physical 
factors of the soil, Kearney, Briggs, Shantz, McLane, and Piemeisel 
(24) point out that within limits, which are defined, ‘‘. . . all important 
variations in the character of the soil are clearly expressed in the ap- 
pearance and botanical composition of the plant covering. In other 
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words, the principal types of vegetation, where typically developed, are 
reliable indicators of the physical conditions of the environment.” 

In summarjzing their observations on the attempts, some of them 
highly successful and others complete failures, to utilize the region 
for agricultural production, they point out that successful growth of 
crop plants, with or without irrigation, is so related to the physical and 
chemical characteristics of the soil, that within limits it can be predicted 
from the botanical composition of the native vegetation. 

Our studies, conducted with the definite purpose of supplementing 
those of our predecessors, have shown that such physicochemical proper- 
ties of the plant-tissue fluids as osmotic concentration, specific electrical 
conductivity, and chlorid content differ from type to type of vegetation, 
and in such a way as to parallel in a striking manner the findings of our 
predecessors in this field. 

In Tooele Valley inadequacy of soil moisture and a high salt content 
may combine in various ways to influence the appearance and botanical 
composition of the vegetation, to determiné the physicochemical prop- 
erties of the native species of which the vegetation is made up, and to 
limit crop production. 

The salts of the soil may conceivably be detrimental to crop pro- 
duction in two ways: First, chemically, through the toxicity of certain 
of the constituents; second, physically, through the attainment of an 
osmotic concentration greater than that which can be tolerated by crop 
plants. The problem of toxicity falls quite outside the scope of this 

aper. 
: Quantitative information concerning the concentration of the soil 
solution as it actually influences the plant in these deserts is not yet 
available, except for the most extreme conditions as found in the salt 
flats, where it has been possible to measure the concentration of the 
ground water, and where the growth of crop plants is obviously impos- 
sible. 

The large series of physical and chemical measurements made by our 
predecessors makes it evident, however, that in all the habitats in which 
any considerable quantity of salt occurs the concentration of the soil 
solution must become very high when the soil moisture is much reduced 
by the drying concomitant with the advance of the season. 

Investigations on native vegetation, in part published and cited in 
the introductory section of this paper, but in large part still un- 
published, have shown that the osmotic concentration and specific 
electrical conductivity of the tissue fluids of native vegetation bear 
an intimate relation to the aridity or salinity of the region. It is 
but a short—and a very logical—step from this conclusion, which rests 
upon a large body of facts, to the hypothesis that a fundamental pre- 
requisite for the survival of a plant species, wild or cultivated, in arid 
regions is a much shortened growth period, a highly efficient water- 
storage mechanism, or a high osmotic concentration of its tissue fluids. 

The generally high osmotic concentration of the tissue fluids of the 
less ephemeral * plant species of the region and the enormous concentra- 
tions attained by Aériplex confertifolia and Atriplex nutallii (21) when 
growing in such localities is ample evidence for the necessity for very 
great osmotic concentrations of plant tissue fluids as a prerequisite ‘for 
perennial growth in most of the region considered. 





* The lower osmotic concentrations are found in the species which persist for but a brief period during 
the spring when growth conditions are more favorable than they can continue to be for the maturing of the 
most agricultural plants, or in the mountains where conditions are suitable only for grazing. 
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As far as we yet know, few agricultural plants are capable of tolerati 
salts in such quantities as are present in the soil in certain of these habi- 
tats, or of developing the osmotic concentrations which enable them 
to withdraw water from soil of such texture, salinity, and dryness. 

A detailed discussion of the bearing of the results of the present study 
of natural vegetation on the problem of crop production in the arid and 
saline regions is limited by the inadequacy of our published knowledge 
of the physicochemical properties of the tissue fluids of agricultural 
plants. The pertinent facts are being rapidly supplied by detailed 
investigations which have been under way for the past three years on the 
important agricultural plants of the western United States, such as the 
small grains, the grain sorghums, corn, and cotton. 

Studies on the small grains at the Nephi substation of the Utah Agricul- 
tural Experiment Station, in a locality formerly occupied by the sage- 
brush association, have shown that none of the varieties of wheat, oats, 
barley, spelt, and emmer grown without irrigation under these conditions 
have tissue fluids with an osmotic concentration as high as that which 
at comparable seasons of the year characterizes the more permanent 
native species of the associations occurring at lower levels than the sage- 
brush.’ 

Crops other than the small grains have been investigated only under. 
irrigation—an artificial condition obviously interfering with the use of 
indicator plants as a criterion in the selecting of land for crop production, 

As grown under irrigation, corn and the grain sorghums show osmotic 


concentration of the leaf-tissue fluids which are relatively low as compared | 


with the native species discussed in this paper. 

Egyptian and Upland cotton when grown with irrigation under the 
more saline conditions of the Gila River Valley (22) have a much lower 
osmotic concentration of their leaf-tissue fluids than that of most of the 
plant species of the more saline regions of the Tooele Valley. 

The toxicity to agricultural plants of the salts present in the soil and 
the incapacity of agricultural plants for developing osmotic concentra- 
tions sufficiently high to enable them to withdraw water from the soil, 
must both be considered in seeking for the physiological explanation of 
the varying suitability of the various habitats for crop production. 


SUMMARY AND CONCLUSIONS 


The earlier studies of Kearney, Briggs, Shantz, McLane, and Piemeisel 
(24) have shown that in Tooele Valley, Utah, the plant associations of 
natural vegetation indicate the conditions of soil moisture and salinit 
of the land on which they are found and thus afford a basis for the estt- 
mation of its suitability for crop production. 

The purpose of the present investigation has been a consideration of 
the physicochemical properties of the leaf-tissue fluids of these indicator 
plants with a view to determining whether the magnitudes of such con- 
stants as Osmotic concentration, specific electrical conductivity and 
chlorid content show a parallelism to the series of soil and vegetation 
types recognized by our predecessors in this field. 

The following salient facts concerning the vegetation may be noted. 
The statements concerning soils are based upon the findings of our 





’ Comparison of the crop plants with the herbaceous species of the several associations is precluded by 
the fact that most of the native herbs complete their development and disappear long before the winter 
gtains reach maturity. 
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predecessors. Those concerning crop production represent their obser- 
vations as well as our own. 

Eight major divisions of the vegetation have been recognized: The 
Stansbury Mountains at higher altitudes, the sagebrush association, the 
sand-hill mixed association, the Kochia association, the shadscale asso- 
ciation, the greasewood-shadscale association, the grass-flat communities, 
and the salt-flat communities. 

With the exception of the Stansbury Mountains at higher altitudes, 
and to a less extent of the grass-flat and the salt-flat communities, these 
associations are distinguished primarily by their woody plant species. 
The herbaceous plants are largely ephemeral, completing their growth 
during the early spring, while moisture is still available near the surface 
and while the salts have been to some extent washed out of the super- 
ficial layers of soil. These ephemeral species are to some extent common 
to all the associations. Because of their general distribution, as well as 
because of the limited period during which they may be identified, they 
are of less value as indicator plants than the woody species which are 
active throughout the season. The following generalizations are, there- 
fore, based upon the results for ligneous species. 

The sagebrush (Artemisia tridentata) association, which occupies the 

land nearest the mountains and is the highest which is of interest for ag- 
ricultural (as distinguished from grazing) operations, occurs generally 
on rather deep soil, of rather light texture, easily permeable to water, 
and free from large quantities of salts. With the exception of the Stans- 
bury Mountains at higher altitudes and possibly of the sand-hill mixed 
association, the plants of the sagebrush association have the lowest 
“osmotic concentration, specific electrical conductivity and chlorid con- 
tent of any of the associations investigated. The average values of these 
constants are about 22 atmospheres osmotic concentration, 0.024 mho 
conductivity and 2.65 gm. per liter chlorid content. These values are 
of about the same order as those found near the end of the season in 
small grains as grown under dry farm agriculture at Nephi, Utah.’ The 
sagebrush land is the locus of the chief dry farming operations of the 
region. 

The Kochia (Kochia vestita) association which occupies areas lying 
below the sagebrush: zone, is found on land of finer texture, relatively 
greater impermeability to water, higher moisture-holding capacity, and 
greater salt content at a small depth below the surface. Sufficient 
moisture for growth is generally wanting during the summer. Dry 
farming is precarious, owing to the small depth of soil free from salts. 
Even under irrigation the relatively impervious nature of the soil might 
make difficult the washing out of the salts to a depth which would permit 
profitable crop production. The vegetation is characterized by a higher 
osmotic concentration, specific electrical conductivity and chlorid con- 
tent than that of the sagebrush association. When the sagebrush pene- 
trates into the Kochia association it is extremely dwarfed, and its tissue 
fluids may attain an abnormally high osmotic concentration. 

The shadscale (Atriplex confertifolia) association occupies the outwash 
slopes below the Kochia association. The soil is similar, in the main, to 
that of the Kochia association, but frequently contains much gravel and 
may become even drier during the summer. Dry farming is hazardous, 
but where water is available for washing out the salt and supplying 





* Statement based on unpublished results. 
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moisture, irrigated crops may be grown. The osmotic concentration, 
specific electrical conductivity, and chlorid content of the tissue fluids 
are higher than in any of the preceding associations. The leaf-tissue fluids 
of Atriplex conjertifolia may under some conditions develop an osmotic 
concentration as high as 150 atmospheres, specific electrical conductivity 
of 0.129 mho, and a chlorid content equivalent to over 100 gm. of common 
salt per liter of leaf-tissue fluids. 

The greasewood-shadscale (Sarcobatus vermiculatus and Atriplex con- 
fertifolia) association occupies a belt lying between the shadscale asso- 
ciation and the grass flats and salt flats. It also occupies the ridges 
and hummocks which diversify the highly saline mud flats along the 
southern shore of the Great Salt Lake. Soil moisture and salinity are 
much higher than in any of the preceding associations, and agricultural 
development must involve irrigation, and in some places drainage as 

“well. The average osmotic concentration of the leaf sap of the woody 
species is over 30 atmospheres, the average specific electrical conduc- 
tivity is: over 0.045 mho, and the average chlorid content over 18 gm. 
of Cl per liter. 

The grass flats occupy land of high moisture content but of highly 
variable salinity. The physicochemical constants of the tissue fluids 
are closely correlated with the salinity of the ground water. The values 
of osmotic concentration, specific electrical conductivity, and chlorid 
content are, roughly speaking, comparable with those found in the 
preceding and the following associations. Except when the conditions 
can be modified by drainage (which is generally impracticable because 
of the low level of the land), the grass flats have greater value for graz- 
ing or for natural hay production than for any other crop. 

The salt flats are characterized by soil of exceedingly fine texture 
which is moist for a large part of the year. In late summer salt crystal- 
lizes out over the surface. Plants are found only on small hummocks 
or along drainage channels from springs. Allenrolfea occidentalis and 
Salicornia utahensis, both stem succulents, are the chief species. These 
are both characterized by an osmotic concentration of about 40 atmos- 
pheres, a specific electrical conductivity of over 0.060 mho, and a chlorid 
content of 17 to 30 gm. per liter of tissue fluid. 

From the foregoing outline of the findings as to matters of fact, it is 
clear that there is a close parallelism between the physicochemical prop- 
erties of the tissue fluids of the native species on the one hand and the 
characteristics of the soil and the capacity of the land for crop produc- 
tion on the other. 

The fact that few agricultural plants of importance have sap proper- 
ties similar to those of the native desert species probably furnishes the 
explanation of the failure of crop plants in the more severe of the habi- 
tats of this region except as their conditions are modified by irrigation. 
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INVESTIGATIONS ON THE NEMATODE DISEASE OF 
CEREALS CAUSED BY TYLENCHUS TRITICI? 


By R. W. LeuKe.? 


Assistant Pathologist, Office of Cereal Investigations, Bureau of Plant Indusiry, United 
States Department of Agriculture 


INTRODUCTION 


The nematode disease of wheat, caused by Tylenchus tritici (Stein.) 
Bast. (25, 3)’, has been known to be prevalent for many years in Europe, 
where at times it has caused severe losses. The discovery in 1918 that it 
was destructive in certain parts of the United Siates led the Office of 
Cereal Investigations of the Bureau of Plant Industry to begin a study 
of the trouble with a view to controlling or completely eradicating the 
disease. ‘The history of the disease and a description of the causal 
organism, together with certain phases of its physiology, were given by 
Byars (6) in 1920. The purpose of the present publication is to present 
the results of the more recent studies of the disease, including a detailed 
description of the common symptoms. 


COMMON NAME 


The nematode disease of cereals, caused by Tylenchus tritici, has been 
given various names in the countries where it has been observed. In 
Germany, owing to the similarity of the galls * to seeds of cockle, it is 
called “ Radekrankheit” (cockle disease), and on account of the gnarled 
appearance of infected plants, it is also called “ Gichtkrankheit” (gout 
disease). In France it was confused for a long time with bunt or stinking 
smut and therefore referred to as “blé nielle.’”’” In England, according to 
Ormerod (19), the disease has been called “ purples,’ owing to the purple 
tint of the galls at a certain stage of their development. It is known 
there also as cockles, ear cockle, and false ergot. In the United States the 
disease is known by various names, among which the most common are 
eelworm or nematode disease, cockle wheat, hard smut, and nematode 
gall. The name nematode disease is used in this publication. 


GEOGRAPHICAL DISTRIBUTION 


The nematode disease of wheat is easily spread long distances by means 
of the galls mixed in the seed wheat. As a result, its distribution is almost 
world-wide. Sorauer (24, p. 26-30) states that it occurs in France, 
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Germany, Austria, Hungary, Switzerland, Italy, Sweden, Holland, 
England, and Australia. Byars (6) found galls in wheat from Russia, 
India, China, and Turkestan. Averna-Sacca (2, p. 234) observed the 
disease in Brazil in 1912. Among the British African colonies and pro- 
tectorates, Dr. E. J. Butler states, in correspondence, that it has been 
reported only from Egypt. It has not been reported from Central 
America, Mexico, or Canada. 

According to Johnson (15), it was first reported in the United States in 
1909 in California, West Virginia, New York, and Georgia. Later it was 
found widely distributed in Virginia, which State has since been found to 
contain the chief area of infestation. At present there are no indications 
of the disease in New York or California. Recent surveys have revealed 
its presence in 53 counties in Virginia, 11 in West Virginia, 2 in North 
Carolina, 1 in South Carolina, and 1 in Georgia. Probably a wide and 
intensive survey would show a general spread of the trouble outward 
from the badly infested region in the western part of Virginia. 

The disease usually is found by the discovery of galls in the grain and 
screenings at the mills. However, it sometimes is difficult to determine 
the source of the gall-infested grain found in a mill. For example, galls 
found in a Maryland mill were later traced to wheat shipped in from 
Virginia. Gall-infested wheat in a mill in Ohio was found to have come 
from West Virginia. The report of the disease in New York likewise 
may have been the result of galls in wheat shipped in from an infested 
area in another State. 


ECONOMIC IMPORTANCE 


Some of the earlier European workers in Germany, Austria, and Eng- 
land mention the nematode disease as the cause of severe losses. Doubt- 
less these losses were due largely to ignorance concerning the nature of 
the disease and the methods for its control. At present its economic 
status in Europe is of minor importance, probably on account of im- 
proved farm practice, such as rotation of crops and the use of clean seed. 

During the recent war the disease became very severe in certain 
sections of the southeastern United States, owing to the lack of rotation 
incident to the intensive wheat-production program. It was found that 
wheat or rye grown on land infested by a nematode-diseased crop the 
previous year usually became severely infected and was greatly reduced 
in yield. In wheat the losses were sometimes as high as 50 per cent, and 
according to Byars (5) losses as high as 70 per cent have been reported. 
In certain cases rye was even more severely injured than wheat, one 
field in Virginia in 1919 being a total loss. In addition to the reduction 
in yield, according to Coleman and Regan (8), the quality and conse- 
quently the market value also are greatly reduced, owing to the presence 
of the galls in the grain. 

In order to determine the effect of the disease on rye, the following 
experiment was conducted in 1920. Seed of winter rye was mixed with 
an equal volume of galls from wheat and sown in plats on the Arlington 
Experiment Farm, At maturity the plants from both the inoculated 
and uninoculated plats were pulled. Representative infected plants 
were selected from the inoculated plat and a similar lot of healthy plants 
was taken from the uninoculated plat. From the infected plants four 
lots of 100 culms each were cut off immediately above the crown. From 
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the healthy plants three lots of 100 culms each were similarly cut. In no 
case was any special selection made, the culms being taken as they came. 
Each lot of 100 culms from the infected plants was hand-threshed sep- 
arately. The galls were separated from the kernels in each case, and for 
each lot the weights of the straw, kernels, and galls were determined 
separately. Similarly, each lot of 100 culms from the healthy plants was 
hand-threshed separately. In each case the weights of the grain and of 
the straw from each lot were secured. The results are given inTable I. 


TaBLE I.—Weight of straw and weight and volume of threshed grain from three lots of 
healthy and four lots of nematode-tnfected rye culms, 100 culms in each lot, Arlington 
Experiment Farm, Rosslyn, Va., June, 1920 





Vield of straw from— Vield of grain from— Volume of grain from— 
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culais. Infected culms. ’ Infected culms. 
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174.1 38.5 
151.2 .0 | 33.0 
157.2 27.0 
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It is of especial interest to note that although the average percentages 
of galls are only 12 and 22 per cent by weight and by volume, respec- 
tively, the actual average reduction in the yield of kernels from infected 
plants as compared with the yield from uninfected plants is 64 and 63 per 
cent by weight and by volume, respectively. This seems to indicate 
that the percentage by weight or volume of galls in infested grain does 
not truly represent the actual reduction in yield caused by the disease. 
This is shown also in Tables VII and VIII. 

Reports of reduced yields caused by the nematode disease may vary 
widely owing to the different methods used to determine the amount of 
reduction. Percentages of infection may be based on the relative num- 
ber of seedlings showing symptoms, the relative number of heads con- 
taining galls, or the percentage of galls in the threshed grain. Head 
counts may take into consideration partially infected and totally infected 
heads. The percentage of galls in the threshed grain may be based on 
the relative number, volume, or weight of galls and kernels. In order 
to compare these different methods of taking and recording percentages 


of infection, the data were tabulated from an experiment conducted at 


the Arlington Experiment Farm in the crop year 1919-20, in which the 
relative susceptibility of wheat, rye, emmer, and spelt was studied. 
These percentages are given in Table II. 
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Tap_e I1.—Percentage of infected seedlings and infected heads and percentage of galls, 

i, by number, volume, and weight, in the threshed grain of different varieties of winter 

| wheat, winter rye, winter emmer, and winter spelt grown in inoculated soil at the Arling- 
ton Experiment Farm, Rosslyn, Va., during the crop year 1919-20 








Percentage of infection based on— 





Variety. , hes saree dag Percentage of galls by— 
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Winter wheat : 
“ Arkansas Red Wonder”’ 67 

73 
66 
68 
62 
72 
Dietz Longberry 52 
Genesee Giant ya 66 
Illini Chief. oe: 62 
2 
50 
57 
68 


Rear | 
Seedlings.| Heads. | Number.} Volume. | Weight, 
| 
| 
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37 
63 
65 
71 
65 
45 
52 
73 
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am ba 35 
Von Riimker No. 2... ‘ ws 3r 
Winter 56 





Average 37 





Emmer: 
Black Winter 25 
White Winter 71 








48 





troum 28 |.. 
Bearded Winter. ¥ 40 |.. 
Red Winter 35 





34 

















From a comparison of these methods, as shown in Table IT and graphi- 
cally in Figure 1, it seems that the percentage of infection based on head 
counts invariably is the highest, while that based on the relative weight 
of galls and kernels is the lowest. However, in the case of winter wheat, 
none of these methods takes into consideration the reduction in stand 
following the use of nematode-infested seed. 

During the crop season 1921-22, the following experiment was con- 
ducted at Madison, Wis., to determine if reduction in stand followed the 
use of nematode-infested seed: Turkey wheat was sown in four plats 
of equal size. ‘The first plat was sown with uninfested seed. The seed 
sown in the second plat was mixed with 5 per cent of its weight in galls. 
In the third plat the seed was mixed with 15 per cent and in the fourth 
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plat with 45 per cent of its weight in galls. The resulting stands and 
yields are given in Table III. 


TaBLe IlI.—Number of plants and culms and weight of grain from Turkey wheat unin- 
fested with galls and infested at seeding time with different quantities of galls, together 
with reduction in stand and yield and percentage by count of galls in threshed grain 
from inoculated plats at Madison, Wis., in 1922 
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WHEAT VARIETIES 


Fic. 1.—Graph comparing the results of determining by different methods the percentages of nematode 
disease infection in different varieties of wheat as shown in Table II. 


There seemed to be a consistent relation between the quantity of 
infecting material used and the resulting reduction in the stand. Fromme 
(zo) found a similar relation between the percentage of galls in the seed 
and the resulting severity of infection. 

Estimates of reduced yield due to nematode injury, based on the 
number of seedlings showing symptoms of such injury, are inaccurate, 
because it was found that many plants showing such symptoms as seed- 
lings did not always produce galls at maturity. Eighty plants showing 
typical symptoms of nematode injury were tagged as seedlings at the 
Arlington Experiment Farm in April, 1919, and at maturity 15 of them, 
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or 18.75 per cent, produced gall-free heads. On the other hand, nu. 
merous seedlings with no apparent symptoms whatever upon dissection 
and microscopic examination proved to harbor an abundance of nema. 
todes. In October, 1919, a number of varieties of wheat, rye, emmer, 
and spelt were sown with a heavy inoculation of galls in rod rows at the 
Arlington Experiment Farm. In the spring the percentage by count 
of seedlings showing signs of nematode injury was determined. At 
maturity the percentage of infected heads in each variety of wheat and 
rye was determined. Then the plants of each of these varieties were 
separately threshed in a head thresher. In the threshed grain of each 
variety the percentages of infection based on the number, volume, and 
weight, respectively, of galls were determined. The results as set forth 
in Table II indicate that some varieties showing pronounced symptoms 
as seedlings did not produce as many or as badly diseased heads as other 
varieties in which seedling injury was less evident. 

Twelve heads of rye were carefully threshed by hand and the galls 
and kernels in each head counted, as shown in Table IV. An examina- 
tion of these and numerous other diseased heads showed that the degree 
of infection in the spikes varied all the way from heads producing all 
galls and no kernels to those having only one or two galls and 30 or more 
kernels. 


TABLE IV.—Number of galls and kernels in infected heads of rye at the Arlington Experi- 
ment Farm, Rosslyn, Va., in 1920 


Galls, 


























An estimate of reduced yield based on the relative number of infected 
heads apparently is even more inaccurate than one based on the relative 
number of seedlings showing symptoms of nematode injury. Further- 
more, this method of determining reduction in yield does not take into 
consideration the plants killed as seedlings and those prevented from 
heading. 

Estimates of yield reduction based on the relative number, volume, or 
weight of galls and kernels in the infested grain after threshing are likely 
to be too low for the following three reasons: 


Many infected ewe are killed as seedlings. During April, 1919, 500 diseased 
seedlings in the plats at the Arlington Experiment Farm were labeled. During the 
latter part of May they were again examined and 70 of them, or over 14 per cent, were 
found dead. is 

Many of the diseased plants, although producing only a few galls, are so badly 
stunted that at maturity they also produce very few kernels. us, although the 
relative number of galls is not greatly increased, the actual yield of grain is more than 
proportionately reduced. 

e threshed grain contains relatively fewer galls than would be found in a hand- 

threshed sample, as the galls are relatively light in weight and many are blown out 
with the straw and screenings at threshing time. 


Even in a hand-threshed sample, the percentage by number of galls 
in the grain is not a trustworthy basis for estimating reductions in yield, 
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for as many as five galls may replace a single kernel. Likewise, the 
percentage by weight is inadequate, as the galls are very light in com- 
parison with the kernels. 

The relative volume of galls and kernels, while far from being an ideal 
or accurate basis for estimating reductions in yield, seems to be the most 
nearly adequate. In order to determine accurately the reduction in 
yield, it is necessary to compare the yields of infected and uninfected 
crops grown under parallel conditions. Limited data of this kind 
were obtained for rye in connection with another experiment. These 
results are given in Tables VII and VIII. 

Thus far the nematode disease of cereals has not been reported from 
any part of the spring-wheat region. Experiments were conducted at 
the Arlington Experiment Farm in 1920 to determine how this: disease 
would affect spring wheat. In March 3-rod rows of each of 13 varieties 
of spring wheat were sown in soil which had been heavily inoculated with. 
galls during the previous October and also in soil to which galls were 
applied at the time of seeding. Two rows of each variety were sown on 
clean soil at the same time. No infection occurred in the uninoculated 
control rows, but unfortunately these plants were destroyed by sparrows 
before harvest to such an extent that reliable yield data could not be 
secured from them. 

The percentage of seedling injury in the inoculated rows was deter- 
mined by noting the number of diseased plants per 100 in three rep- 
resentative parts of each row. At maturity the plants from each set 
of rows were threshed and the percentages of galls in the grain by num- 
ber, volume, and weight were determined. The results are given in 
Table V. 


TaBLE V.—Percentages of diseased seedlings and percentages of galls by number, volume, 
and weight in the threshed grain of different varieties of spring wheat grown on soil 
inoculated with galls in the fall and on soil inoculated at time of sowing in the spring 
at the Arlington Experiment Farm in 1920 
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It will be noted that unusually severe infections were obtained in al] 
13 varieties on the spring-inoculated soil. On the soil inoculated in 
the fall a number of the varieties showed considerable infection. In this 
latter series it is of especial interest to note that two varieties, Haynes 
Bluestem and Marquis, showed a moderately high degree of seedling 
injury but low percentages of infection in the threshed grain. Such 
variations in these or other varieties were not evident on the soil inocu. 
lated at sowing time in spring. This may have been because of the 
unusually severe infection, as practically all the plants grown on the soil 
inoculated at the time of sowing were badly stunted and deformed and 
produced but few normal kernels (Pl. 1, E). Infection was much less 
severe on the soil inoculated in the fall, some of the varieties even com- 
paring favorably in vigor, and apparently in yield, with those grown in 
the uninoculated control rows. 

‘A similar experiment with fewer varieties was conducted at Madison, 
Wis., in 1921, with similar results. In one plat the galls were placed in 
the soil on October 7, 1920, and in another plat on April 7 the following 
spring, at which time four varieties of spring wheat were sown in both 
plats and also in an adjacent uninoculated control plat. No infections 
occurred in the latter. The data on seedling injury in the inoculated 
plat were obtained as before by observing 300 plants in each plat. The 
amount of infection is shown in Table VI. 


TABLE VI.—Percentage of plants showing seedling injury and pertentages by volume of 
galls in the threshed grain from four varieties of spring wheat grown on soil inoculated 
with galls in the fall and on soil inoculated at time of sowing at Madison, Wis., in gat 





Percentage by 
Seedling injury on—| volume of galls in 
threshed grain. 





Variety. 
Soil inoc- | Soil inoc- |Soil inoc- | Soil inoc 
ulated | ulated ulated 
in the in the i in the 

fall. spring. : spring. 





Per cent. | Per cent. 
5 66 
10 72 

2 80 

6 84 








6 76 














It seems evident that although the nematodes can overwinter to some 
extent in the soil in Wisconsin, the only important source of infection 
of spring wheat would be infested seed. The use of such seed results in 
an almost worthless crop. This experiment with spring-wheat varieties 
was repeated in 1922 at Madison with similar results. The stand and 
yield of the wheat grown on the soil inoculated in the spring were prac- 
tically negligible, while those of the wheat sown in soil inoculated the 
previous fall were quite good. 

Rye was included in the latter experiment and, although the soil 
inoculated in the spring did not cause as severe an infection as in the 
case of the wheat, yet the yield was considerably reduced. The rye 
grown on fall-inoculated soil was not appreciably injured. The results 
are given in Table VII. 
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TaBLE VII.—Comparative seedling injury and infection percentages and yields of Wis- 
consin spring rye grown on soil uninoculated and inoculated with galls in the fall and 
in the spring, respectively, at Madison, Wis., in 1922 





} | 

. | Volume | Reduc- Weight 
Seedling | “of tion in of 
eamery: yield. | volume. | yield. 
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Per cent. Ce. Per cent.| Grams. L 3 . | Per cent. 
Control uninoculated. ° 350 ° 262 
Fall inoculated 2) 350 ° 253 
Spring inoculated. ... 16 29 172 























Winter wheat and rye also were sown at Madison in the fall of 1920, 
and the soil was inoculated with galls at the time of sowing. The results 
were very similar to those obtained in the southeastern United States. 
The symptoms of the disease appeared in the fall, the organisms were 
found between the leaf sheaths of the plants throughout the winter, 
and at harvest time an abundance of galls was found in the heads. On 
account of injury caused by sparrows, complete data on the wheat were 
not obtained. The rye, however, was not injured by the birds and pro- 
duced the results shown in Table VIII. 


TaBLE VIII.—Percentage of seedling injury, volume and weight of grain from inoculated 
and uninoculated plats of Wisconsin winter rye, volume and percentage by volume 
of galls, and percentage reduction in yield in the threshed grain from the inoculated 
plats at Madison, Wis., in 1922 
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From these experiments we may conclude that the nematode disease 
could cause serious losses in the spring-wheat region if, unfortunately, it 
were introduced there. Gall-infested seed when sown in spring insures 
the presence of enormous numbers of active larvae which are not sub- 
jected in the free-living state to the unfavorable conditions obtaining in 
the winter and thus are able to bring about severe infection. 


HOSTS 


Considerable disagreement exists among investigators as to the host 
range of the wheat nematode, although all have secured abundant infec- 
tion in wheat. 

ala (21, 22) states that he obtained infection in rye, barley, and 
Spelt. 

Marcinowski (17, p. 67-117) tried to infect rye, spelt, barley, and oats. 
Galls were found in the first two only, although larvae in abundance 
were found between the leaf sheaths of all four. She states that the rye 
galls were small and that the larvae in them were not so far developed 
as those found in the galls in wheat. Spelt did not produce as many 
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galls in the heads as were used in inoculating the seed. Only one barley 
plant was found showing symptoms of nematode injury in the seedling 
stage, while oats seemed to be entirely immune. Rye, barley, and oats, 
Marcinowski concludes, are not to be considered congenial hosts for the 
wheat nematode. Henslow (12) claims to have secured slight infection 
in oats, barley, and rye. 

In experiments extending over two years, Byars, Johnson, and Leukel 
(7) found rye to be fully as susceptible to the nematode disease as wheat 
and in some cases even more severely affected. The resulting galls 
usually are smaller than those in wheat and also lighter in color (PI. 5, H), 
but, contrary to Marcinowski’s findings, the larvae are as fully developed 
in the rye galls as are those found in wheat galls. Galls obtained from 
rye heads were used for inoculating both wheat and rye, and abundant 
infection was obtained in both cases. The infection percentages obtained 
by inoculating four varieties of rye with nematode galls at the time of 
seeding are given in Table II. 

Two varieties of emmer (Triticum dicoccum Schr.), Black Winter and 
White Winter, also were found to be extremely susceptible and were 
characterized by an unusually large number of leaf galls (Pl. 1, B and (). 
The number of galls obtained upon threshing constituted over 25 per 
cent of the grain. 

Spelt (Triticum spelta L.), while more resistant than most of the varie- 
ties of wheat, rye, and emmer used in the experiment, nevertheless is to 
be classed as a susceptible host. It showed abundant symptoms of 

.nematode injury in the seedling stage, and 6 per cent of the volume of 
the hand-threshed grain consisted of galls. The varieties grown were 
Alstroum, Bearded Winter, and Red Winter. 

The following varieties of oats were sown at the Arlington Experiment 
Farm in 1920 and galls sown with the seed: Aurora, Culberson, Fulghum, 
Red Rustproof, and Winter Turf. Red Rustproof was found to be 
slightly injured in the seedling stage (Pl. 2, D and E), and in a few cases 
small galls formed while the heads were still in the boot, but up to 
the present time no galls have been found in the ripened grain. In order 
to determine whether the yield of spring oats can be reduced appreciably 
by the wheat nematode (Tylenchus tritici), seed of two varieties was 
sown with an equal volume of galls at Madison, Wis., in April, 1922. 
An equal quantity of uninoculated seed was used as a control. Obser- 
vations were made at intervals during the growing period, and at 
maturity each row was threshed separately and the yield recorded 
(Table IX). In no case was there any ‘perceptible difference in stand, 
vigor, or appearance between the inoculated oats and the control. 
Sparrow injury made exact yield data impossible, but such results as 
were obtained seemed to indicate that nematode injury did not affect 
the yield. 

The following five varieties of barley were used in infection expefi- 
ments at the Arlington Experiment Farm (1919-1920): Hansee Hull- 
less, Squarehead Winter, Tennessee Winter, Texas Winter, and Wis 
consin Winter. Hansee Hull-less was the only one which showed any 
symptoms of nematode injury (Pl. 3, A and B) although the others 
often were found to contain larvae between the leaf sheaths. Of 186 
tipe heads of Hansee Hull-less barley, only 3 contained galls (Pl. 3, B). 
These were small and shriveled, but contained larvae similar to those im 
galls from wheat. Wheat and barley, similarly inoculated, are shown in 





Mar. 22,194 Nematode Disease Caused by Tylenchus tritici 





Plate 4. It will be noted that, while the wheat is badly stunted, the 
barley apparently is uninjured. On the assumption that hull-less barley 
might be more susceptible than hulled barley, seeds of several hull-less 
varieties were sown at Madison, Wis., (1922) with a heavy inoculation of 
galls but in no case was infection obtained. As in the case of oats, com- 
parative data were taken on the inoculated barley and on uninoculated 
controls, and no differences were observed in comparative vigor, stand, 
or yield (Table IX). 


Taste [X.—Yields of five 10-foot rows of barley and oat varieties, three inoculated and 
two uninoculated with galls of the wheat nematode at the time of sowing, at Madison, 
Wis., in 1922 

Inoculated. 

Variety. 7 


Uninoculated. 





Row tr. 


Row 2. Row 3. 


.| Row rt. 


Row 2. 


Average. 








Grams. | Grams. | Grams. Grams. | Grams. | 


110 105 70 82 85 | 
83 80 86 86 82 
141 155 148 140 144 | 
270 31 293 254 252 | 
| 
220 100 155 272 226 | 
Wisconsin Pedigree No. 7 ¢.. 190 300 250 270 460 























«Injury by sparrows makes results inconclusive. 


Grasses appear to be immune from the wheat nematode. In experi- 
ments extending over two years, Marcinowski (17, p. 67-117), using 
nematodes from wheat, tried to infect 15 species of grasses belonging to 
seven genera. Although she used an abundance of inoculating material, 
several hundred galls per plant, she secured no infection. In many plants 
dissected and examined, numerous larvae had gathered about the growing 
point, but all the remaining plants matured normally and produced seed 
without any indication of gall formation. 

Similar experiments conducted by the writer at Madison, Wis. (1921- 
22), also gave negative results. Seeds of several species of Agrostis, 
Arrhenatherum, Festuca, Lolium, Phleum, and Poa were inoculated at 
time of sowing with both whole and ground galls. -The inoculated plants 
at no time differed in any respect from the uninoculated control. Larvae 
in small numbers sometimes were found about the growing points of 
dissected plants, but no disease symptoms were evident and the plants 
matured normally. 

Neither do the nematodes producing galls on certain grasses seem able 
to infect wheat. Bessey (4) tried to infect wheat by sowing it with 
nematode galls from the following seven genera of grasses: Agropyron, 
Agrostis, Calamagrostis, Chaetochloa, Elymus, Sporobolus, and Trisetum. 
He secured no infection whatsoever. The writer inoculated wheat at 
seeding time with both galls and free larvae from Calamagrostis, but in 
no ~ were any symptoms of nematode injury observed or head infection 
secured. 

Tylenchus tritici is a highly specialized parasite requiring either wheat 
or a nearly related host in order to multiply rapidly. Therefore, land 
infested by the wheat nematode may be sown to grass or even to oats or 
barley without danger of perpetuating or spreading the disease. 
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DESCRIPTION 
VEGETATIVE SYMPTOMS 


The first evidence of nematode injury in the seedling plant is the 
appearance of slight elevations on the upper side of the leaf with corre. 
sponding indentations on the lower side. These elevations soon become 
more pronounced and the leaf sometimes takes on a somewhat yellowish, 
mottled appearance (Pl. 1, D). The leaf may become wrinkled, begin. 
ning usually at the edge of the blade. This wrinkling, however, often 
is found to a slight extent on healthy plants. As this condition becomes 
aggravated, the leaf margins curl in from the edges toward the midrib 
on the upper side very much as in some cases of aphid injury, and fre. 
quently the leaf is split in one or more places. This rolling or curling 
leaf often incloses the emerging blade of a younger leaf, thus retarding its 
normal growth and causing it to become more or less distorted and 
“buckled” (Pl. 2, A). As this younger leaf is not free to grow longitu. 
dinally, it often grows in a zigzag manner, frequently while within the 
inclosing older leaf sheath, causing the latter to assume a swelled or 
bulged appearance. This hindrance to the growth of the leaf tip often 
causes another deformity, namely, the bending of the culm, as shown in 
Plate 2, C. A similar restriction to the growth of several successive 
leaves may bring about an alternate curving of the stem in opposite 
directions. 

The slight clockwise twist occurring naturally in wheat leaves often 
is so accentuated in the diseased plants that the leaves form a rather tight 
spiral roll, as shown in Plate 2, B. Sometimes only a part and sometimes 
the whole of the leaf is involved. When the plant approaches the heading 
stage, the flag leaf often becomes wound tightly about the stem, thus 
interfering considerably with the emergence of the head from the boot 
(Pl. 1, A). The awns frequently are somewhat distorted when they issue 
from the inclosing sheath, but they often assume their normal appearance 
later. 

As the plant approaches maturity, some of the earlier symptoms may 
disappear. This was proved by tagging a large number of infested 
seedlings in April, 1919, and observing them at intervals until maturity. 
Some of the badly distorted leaves were found withered and dead, while 
those formed later showed no pronounced symptoms. ‘This, however, 
is not of general occurrence, especially if the plant is badly deformed 
in the seedling stage, for in the majority of the plants observed symptoms 
on the vegetative parts were evident at maturity. Of the plants examined 
on April 20, 1919, 62 per cent showed symptoms. On May 22 another 
count was made and 58 per cent still showed symptoms. 

It may be well to add that similar symptoms often are caused by other 
agencies, such as aphids, the Hessian fly, drought, and some fungouws 
diseases. Neither does the absence of symptons indicate freedom from 
the disease, for often a plant which appears healthy in every respect 
produces an infected head. Wheat with symptoms similar to nematode 
injury, but which probably are due to drought, is shown in Plate 2, F. 
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HEAD SYMPTOMS 


The diseased heads generally differ from the healthy heads in size and 
shape, and sometimes in color. They also remain green longer than 
healthy ones. A healthy wheat head between two diseased heads is 
shown in Plate 3, C and D. Occasionally, however, we find diseased 
heads which compare favorably in size with uninfected ones. Especially 
is this true when they contain but few galls. . The glumes of the diseased 
ears stand out more nearly horizontally, especially when immature, owing 
to the greater diameter of the galls as compared with that of the kernels. 
This makes the heads resemble somewhat those infected with bunt. In 
rye this is not so much the case, for the galls in this cereal usually are 
smaller than the rye kernels, and, unless a head is badly diseased, it may 
closely resemble a healthy one (Pl. 3, E and F). 

The infected culms, as a rule, are shorter than the healthy ones. Appl 
(r) gives an average difference between the two of about 10 cm. A 
similar shortening was observed in the infected wheat and rye in the 
experimental plats at the Arlington Experiment Farm. Measurements 
of several hundred healthy and diseased culms of wheat showed an aver- 
age difference of 12 cm. Data on the weight of the straw and grain 
from normal and diseased rye plants showed that the reduction in the 
yield of straw and grain from infected plants was considerable (Table V). 

If one head in a stool is infected it does not necessarily follow that the 
others in that stool also are diseased. Just as we may have galls and 
normal kernels in the same head, so also there may be both diseased 
and healthy heads in the same plants. This fact was established by 
sowing heavily inoculated kernels several inches apart so that the plants 
would stool profusely. The plants were examined carefully at maturity 
e the individual heads threshed. The data obtained are presented 
n Table X. 


TaBLE X.—Number of healthy and infected heads in individual stools of wheat grown 
on inoculated sozl at the Arlington Experiment Farm, Rosslyn, Va., in 1920 
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% Shattered heads include those partly or wholly threshed by birds or by handling before final data 
were obtained. : 


NUMBER AND ARRANGEMENT OF GALLS IN SPIKELETS 


In healthy wheat and rye a spikelet usually produces two or three 
kernels, one in each developed floret. But in wheat affected with the 
nematode disease a floret often produces two to four galls, formed from 
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the different organs, and four, five, or even more gall-producing florets 
may develop within a spikelet. In 25 diseased heads of wheat, there 
were found 2 spikelets with only 1 developed floret each, 85 spikelets 
with 2 florets, 120 with 3, 87 with 4, 30 with 5, and 4 with 6. In 
these same spikelets, 33 contained only 1 gall each, 108 contained 2 
galls each, 98 contained 3 galls, 70 contained 4 galls, 28 contained 5 
galls, 6 contained 6 galls, 2 contained 7 galls, and 1 contained 9 galls, 
Some of these data are presented in Table XI. 


TABLE XI.—Number of florets per spikelet and the contents of the florets in each spikelet 
in nematode-infected wheat heads from plants grown at the Arlington Experiment 
Farm, Va., in 1920 





Spikelet No. Florets. Spikelet No. 
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DESCRIPTION OF GALLS 


In the earlier stages of their formation the young galls can be dis- 
tinguished from the naturally forming kernels by their greener color, 
their glistening smoothness, and the absence of the feathery pistil. As 
the heads approach maturity the galls are readily distinguished from the 
kernels by their shape, greener color, and the manner in which they cause 
the glumes to spread, due to their greater diameter. 

The mature galls in winter wheat, emmer, and spelt are alike in size 
and appearance, but considerable difference was observed in the shape 
and color of the galls in some spring wheats, especially Prelude. 

The galls in wheat are from 3.5 to 4.5 mm. in length and from 2 to 3 
mm. in width. Variations from these dimensions are frequent, some 
galls being larger than wheat kernels and others very much smaller. 
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They usually are dark, almost black, in color, but the proximal ends 
invariably show a light-brown coloration. The distal ends often have 
one or more characteristic beaklike projections. The galls, like the 
wheat kernels, generally are furrowed on one side, but they usually are 
shorter and proportionately thicker (Pl. 5, G). They are without 
pubescence of any kind. 

Galls in rye, as a rule, are longer in proportion to their width than 
those in wheat and are more irregular inform. In length they vary from 
2 to 4.5 and even 5 mm., and in width from 1 to 2.5 mm. ‘They are 
decidedly lighter in color than galls in wheat, being of a buff shade, 
much like rye kernels. The difference between galls in rye and wheat and 
the variation in the size of galls in rye are shown in Plate 5, G and H. 

In addition to the galls formed in the flower, galls sometimes are formed 
on the leaves (Pl. 1, B and C). How these galls originate has not been 
determined, but they probably begin to form before the leaf emerges 
from the sheath. They bear no resemblance to flower galls in appear- 
ance, being very much wrinkled and irregular in shape. They contain 
mature nematodes when still green and at a later stage are full of larvae. 
As these galls are relatively rare they are of minor importance. 

Nematode galls in wheat often are mistaken for smut balls, cockle 
seeds, vetch seeds, bin-burnt kernels, ergot sclerotia, or other material 
commonly found in threshed grain. Galls are readily distinguished from 
smut balls by the fact that the latter are easily crushed between the 
fingers into a mass of black powder, whereas the galls are hard and firm. 
Cockle seeds should be recognized at once by their characteristic spiny 
seed coat and vetch seeds by their smoothness, rotundity, and uniform 


color. The ergot sclerotia formed in wheat heads by Claviceps purpurea 
(Fr.) Tul. can be identified by their color, shape, and cross section. 
Some of the differences between: galls and other material commonly 
found in wheat are shown in Plate 5. 


THE CAUSAL ORGANISM 


The nematode disease often is called the eelworm disease of wheat on 
account of the eellike appearance and movements of the causal organ- 
ism, Tylenchus tritici, as seen under the microscope. The mature gall 
contains a white fibrous mass of these microscopic worms. Their life 
history, according to Byars (6), is quite simple. Escaping into the soil 
from the disintegrating galls after the latter have been sown with the 
wheat, the nematodes reach the wheat seedlings, climb up the stem 
presumably, get in between the leaf sheaths, and finally reach the apical 
growing point of the culm, with which they are elevated when the culm 
elongates. Here they remain until the wheat head begins to develop, 
when in some manner they enter the floral organs which are stimulated 
to the formation of galls instead of some of the normal flower parts, such 
as the ovary and stamens. It is uncertain whether they enter the tissues 
by penetration or by inclusion. Within the newly formed galls they 
develop rapidly into mature males and females. Copulation and egg 
laying follow, and by the time the galls are mature they are filled with 
masses of newly hatched, partly dried larvae. Galls opened just before 
maturity are found to contain thousands of eggs from which these larvae 


en At a somewhat earlier stage are seen only the adult males and 
emales. . 
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The eggs are elongate, cylindrical bodies with the length about twice 
the diameter and granular in appearance. They vary somewhat in size, 
averaging about 40 by 85 uw. They have a single nucleus and a smooth 
tough chitinlike coat. The larvae emerge from the eggs a few days after 
these have been deposited, being quite fully developed while still in the 
uterus of the female. The freshly hatched larvae are about 500 x in 
length, threadlike in appearance, and unable to withstand unfavorable 
conditions. 

This so-called first stage is of short duration, and after one or more 
molts the larvae reach the second stage of their development. They 
remain in this stage until after they have escaped from the gall, have 
entered the tissues of another host plant, and have caused the formation 
of other galls. They vary in length from about 700 to 900 uw and in 
width from 15 to 20 yw, or about one-fortieth of their length. ‘Their 
structure is very simple, consisting of a tube within a tube, the outer 
one being the body covering and the inner one the digestive tract. 
The anterior end is provided with a hollow buccal spear with which the 
organism probably pierces plant tissues and extracts nourishment after it 
has escaped from the gall and entered another plant. There is no 
sexual differentiation in this stage, but the beginning of the rep: oductive 
system appears as a half-moon-shaped, light area located midway be- 
tween the ends of the intestine. 

Investigators generally agree that the larvae take practically no 
nourishment until after they have invaded the tissues of the host plant. 
This belief seems to be borne out by the fact that as the free-living stage 
is prolonged the larvae become more transparent. The translucent 
granular matter in the intestine which is regarded as reserve food grad- 
ually disappears. Yet it seems reasonable to suppose that in order to 
produce such pronounced deformities in the plant before heading has 
begun the organism must use its buccal spear and esophageal bulb to 
puncture the cells and extract plant juices while still in the free-living 
stage. 

After entering the host tissues the larvae rapidly develop into mature 
male and female adults. These are large enough to be clearly visible 
to the naked eye. ‘The females average about 4 mm. and the males about 
2.5 mm. in length. Both are proportionately wider than the larvae. 
The reproductive system in each is fully developed and occupies most 
of the body space, especially in the female. Egg laying continues for 
some weeks, each female being capable of depositing as many as 2,000 
or more eggs during that period.® 

The number of mature nematodes, as well as the relative number of 
males and females, varies widely in different galls. Green galls from 
spelt, wheat, and emmer were opened and the mature nematodes care- 
fully counted. The results are shown in Table XII. 





5 For a technical description of eggs, larvae, and adults, see Department Bulletin 842 (4). 
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TaBLe XII.—Nwmber of adult nematodes found in immature galls from spelt, wheat, 
and emmer grown at the Arlington Experiment Farm in 1919 





Highest number Lowest number Average number 
of— of— of— 


Number 
of galls. 





Males. | Females.| Males. | Females.| Males. | Females. 














6 8 3 44 
18 14 7 8.0 

42 37 | 17 16.0 
40 4s | 20 

















These figures are larger than those of Marcinowski (17), who found 
that none of the nine galls examined contained more than 16 adults. 
Byars (6) states that a gall contains an average of six or seven females. 
According to the figures given in Table XII his estimates also are rather 
low. 

SPREAD OF THE DISEASE 


IN GRAIN, STRAW, AND MANURE 


The most common and only important method of spreading this dis- 
ease is by means of galls in the seed wheat from infested areas. It is 
likely to be spread from farm to farm by means of threshing machines. 
This was, illustrated in Jackson County, Ga., where the disease occurred 
for many years only on those farms in a certain “threshing ring.” 

As many galls are blown into the straw at threshing time, this also 
may serve to distribute the disease, provided the straw is not allowed 
to decay in the barnyard or in the manure pit. 

At Madison, Wis. (1921-22), the writer thoroughly mixed a quantity 
of barnyard manure with a generous sprinkling .of whole galls. An 
equal quantity of manure was mixed with a like quantity of ground 
galls. This manure was stored in a manure pit for six weeks and then 
applied to two separate plats of land which later were sown to wheat. 
No infection of the wheat followed. Two adjacent plats of soil received 
an application of manure which was mixed with galls, both whole and 
ground, immediately before being spread on the land. Wheat sown on 
these plats showed abundant evidence of nematode injury in the fall 
and although badly winterkilled produced a number of infected heads 
the following summer. These results with others are shown later in 
Table XVII. 


IN THE SOIL 


The organisms may be spread in the soil to a limited extent by sur- 
face water, by infested soil on farm implements, or by the feet of farm 
animals going from infested to uninfested fields. In such instances the 
larvae may be within the galls or in a free-living condition in the soil. As 
they can endure long periods of desiccation they even may be blown about 
by the wind. However, dissemination by these means is so relatively 
unimportant that it is quite safe to grow wheat on clean soil adjacent to 
very badly infested soil. The writer has grown wheat repeatedly on 
plats a few feet away from badly infested soil, and where no heavy wash- 
= occurred was unable to find any infected heads in the plats on clean 
soil. 

85607—24——4 
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The free larvae are incapable of traveling very far by their own move 
ments. Haberlandt (zr) claims to have secured infection in wheat 
plants growing 20 cm. from the point at which the galls were placed 
in the ground. Byars (6) states that he “found abundant infection ip 
wheat growing 30 cm. away from unopened galls.” Marcinowski (17) 
secured no infection in plants growing beyond 5 cm. from the buried 
galls. Appl (z) states that the larvae can not reach plants 10 cm. from 
the galls. 

The results bearing on this question, obtained by the writer during 
two seasons, were varied. Wheat was sown at Arlington Experiment 
Farm in the fall of 1919 in circular plats at different distances from the 
central area in which galls were placed 5 cm. below the surface of a sandy 
clay loam. A metal cylinder surrounded each plat to prevent washing, 
Wire cages were used to exclude birds and rodents, and every precau- 
tion was taken to prevent accidental spreading of the organisms. In- 
fection was not secured in any plants growing beyond 10 cm. (4 inches) 
from the infested area. 





TABLE XIII.—Effect of placing galls at different distances from the seed on the degree of 
infection in the heads of Prelude and Marquis wheats, Madison, Wis., 1922 





Heads of Prelude Wheat. Heads of Marquis Wheat. 





Distance galls were 
placed from seed. 


Infected. {Healthy Shat | Exam-) Infected. [Healthy 





Per 
cent. 

14 81 5 9 21% 133 
100 72 20 8 210 140 
130 38 12 150 116 
140 ° 84 90 77 
170 85 22 180 160 
150 go 10 107 100 
100 65 5 145 142 



































@ Heads wholly or partly threshed by birds or by handling so that conclusive data could not be obtained. 


This experiment was later repeated at Madison, Wis., spring wheat 
being used in this case in a black garden soil. Frames 4 feet square 
were sunk into the ground several inches and allowed to project above 
the surface about 2 inches. Within each of these frames and 4 inches 
from it was another frame sunk % inch into the ground and projecting 
% inch above the surface. On April 15, 1922, the area between these 
two frames was heavily inoculated with galls, whole galls in half of the 
space and coarsely ground galls in the other half. On April 21 Prelude 
wheat, a very susceptible spring variety, and Marquis, a more resistant § 
variety, were sown in the center of the different frames at distances of 
I, 2, 3, 4, 6, 9, and 12 inches from the infested outer area. A few ker- 
nels were sown in the inoculated soil to test the virulence of the inoculum. 
On May 15, about three weeks after sowing, abundant symptoms were 
observed in the Prelude plants 1 and 2 inches from the inoculated area, 
while all the plants growing in it were badly distorted. A few days 
later several plants 3 mches from the inoculum showed decided symp- 
toms and upon examination were found to contain swarms of larvae. 
On June 5, or 45 days after sowing, 12 badly infested Prelude plants were 
found, 4 each at 6, 9, and 12 inches, respectively, from the inoculated 
area. When ripe, the plants in each frame were harvested and each 
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head threshed by hand. The results shown in Table XIII are con- 
clusive evidence of the fact that the larvae can bring about infection 
when galls are placed in the soil as far as 12 inches (30 cm.) from the seed. 

The larvae seem able to travel vertically as far as 30cm. Marcinowski 
(17) buried galls at depths of 3, 6, 10, 15, and 30 cm., respectively. At 
the first four depths she secured head infection, the greatest being at 
3m. At 30 cm. no galls were formed although a few larvae reached 
the plants. 

The writer’s results show greater movement of larvae than this, as 
he found that galls buried 30 cm. deep produced some head infection. 
Galls were buried at depths of 2, 4, 6, 9, 12, and 15 inches, respectively, 
in bottomless wooden frames sunk into the ground. In another series, 
boxes with closed bottoms were used to eliminate a possible complica- 
tion due to water rising in the soil. Winter wheat was sown in these 
frames in October and in the following June the heads were collected 
and threshed by hand. The results are shown in Table XIV (A) and (B). 


TABLE XIV.—Relation between the depth at which galls were placed in the soil and the 
resulting infection of wheat heads, Arlingion Experiment Farm, 1919-20 


A. IN BOTTOMLESS FRAMES 





| Number of heads. 
| 


Depth (inches). Infected. 
” | Healthy. 





Number. | Per cent. 





a42 
33 
25 
20 
10 
° 











46 
28 
33 
88 




















® Heads somewhat shattered by birds. 


Similar results were obtained in the field. Galls were buried at different 
depths in circular plats, and wire cages were used to keep out birds and 
rodents. Wheat was sown in the fall and when the heads were harvested 
the following June the results given in Table XIV (C) were obtained. 

At Madison, Wis., in 1922, this experiment was repeated, but spring 
wheat was used. The galls, some of which were ground to insure early 
liberation of the larvae, were buried at the following respective distances 
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below the seed: 15, 12, 10, 8, 6, 4 and 2 inches, respectively. Three 
controls were sown. In one, galls were placed with the seed at the time 
of sowing; in another they were strewn on the surface of the ground 
immediately after sowing; and in a third no inoculum was used. With 
the exception of the three controls, the galls were placed in the soil on 
April 15, and the wheat was sown a week later. Three weeks after 
sowing, the seedlings in the two inoculated controls showed symptoms 
of nematode injury. Five weeks after the time of sowing, some infested 
plants were found in the frame in which galls had been placed two inches 
below the seed. No vegetative symptoms were observed in the plants 
in any of the other frames although galls were found in a number of the 
heads at harvest time, as shown in Table XV. 


TaBLE XV.—Percentage of infected heads of Prelude wheat resulting from placing gal 
in the soil at various depths in relation to the seed, Madison, Wis., 1922 








Heads of wheat. 





Location of galls in relation to seed. 
Infected. Healthy. 





Per cent. 
Control without galls ° 
Galls on surface 
Galls with seed @ 
Galls 2 inches below seed 
Galls 4 inches below seed 
Galls 6 inches below seed 
Galls 8 inches below seed 
Galls ro imches below seed 
Galls 12 inches below seed 
Galls 15 inches below seed 
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@ Plants injured so badly in the seedling stage that no heads were produced. 


Invasion by the nematodes probably occurred at so late a stage that 
head infection took place very shortly after the larvae reached the plants. 
It is evident from the high percentages of infected heads in the frames 
in which the galls had been buried 10 and 12 inches below the seed that, 
although some of the larvae are killed at the greater depths, many are 
able to travel upward through a foot of compact soil to reach the host 
plants. This fact proves the futility of deep plowing of the stubble 
as a control measure. 


TRANSMISSION THROUGH BIRDS AND ANIMALS 


To what extent the larvae of Tylenchus tritici survive passage throu 
the digestive tract of birds and farm animals has long been a debat 
question. Marcinowski (17) fed galls to sparrows, goldfinches, pigeons, 
chickens, mice, gophers, and marmots. She collected and examined the 
excreta and found some live larvae in all except that from the chickens, 
gophers, and marmots. She succeeded in infecting wheat plants by 
placing the droppings of the goldfinches with the seeds sown. She con- 
cluded, however, that inasmuch as the birds took the galls very unwill- 
ingly and only when no other food was available, birds are a minof 
factor in the spread of the nematodes. 

In 1921, E. R. Kalmbach, of the Bureau of Biological Survey, United 
States Department of Agriculture, working in cooperation with the 
writer, fed galls containing adults’ eggs, and larvae of Tylenchus tritici 
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to two lots of sparrows. At various intervals of time after feeding, the 
feces of the first lot were examined and some of the birds in the other 
lot were killed and the contents of the digestive tract examined. Very 
rarely were any live larvae found in the feces or near the end of the 
alimentary tract and then only in very small numbers. It was con- 
cluded from this that. birds are relatively unimportant in spreading the 
nematode disease. 

In the nematode-infested districts it is a common practice to feed the 

l-infested wheat screenings to farm animals. An experiment was 
conducted in cooperation with the Wisconsin Agricultural Experiment 
Station, at Madison, Wis., in 1921-22 to determine whether the organ- 
isms survive passage through the digestive tract of farm animals and 
remain capable of attacking wheat grown on land to which the manure 
is later applied. Two horses, two cows, eight hogs, four sheep, and 
twelve chickens were used in the experiment. In each case the different 
kinds of animals were divided into two groups. The first group received 
about a pint of whole nematode galls mixed with its daily feed. The 
second group received an equal quantity of ground galls. Small quanti- 
ties of the manure from each of the first groups of animals were examined 
for the presence of galls but only in the excreta of the horse, cow, and 
hog were any found (Table XVI). The recovered galls were examined 
and nearly two-thirds of them were found empty while the rest con- 
tained only dead larvae, most of which were in the first stages of de- 
composition. This seemed to indicate that the nematodes failed to sur- 
vive passage through the alimentary tract of these animals. 


TaBLE XVI.—Number and condition of galls and larvae voided by farm animals fed 
whole galls, Madison, Wis., 1922 








Number of galls. 





Recov- 
ered. 























The feeding was continued for a week. The manure from the horses, 
cows, and hogs was collected daily and stored in separate heaps. The 


- chicken manure was collected from the dropping board at the end of the 


week and divided into two lots: One lot was stored in a box for six weeks 
and the other lot was immediately applied to the land. The sheep manure 
was of little value in this experiment as nematode-infested feed became 
scattered about the sheep stall by the animals while feeding. The manure 
from the different animals in each lot was spread upon small plats and 
spaded into the soil. Turkey wheat was then sown on these plats on 
September 7. 

Four control plats also were sown. On the first, uninfested manure was 
applied and uninfested seed wassown. On the second, uninfested manure 
was applied and infested seed sown. On the third plat barnyard manure 
artificially infested with galls was applied and uninfested seed was sown. 
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The fourth plat was like the third except that the galls were ground, 
During the fall the plants on all the plats were examined periodically for 
symptoms of the nematode disease. The plats which had received ag 
application of artificially infested manure and also those in which infested 
seed had been sown produced a stand of wheat which was badly diseased, 
The plats upon which the sheep manure had been, applied also produced 
numerous diseased plants due, as stated before, to the sheep scatteri 
the infested feed about the stall. In no other plat were symptoms of the 
disease observed, and the examination of numerous seedlings from these 
plats under the microscope failed to reveal the presence of any larvae 
between the leaf sheaths of the plants. 

During the winter, much of the wheat was winterkilled, especially in 
the three control plats which had shown a large amount of seedling injury 
in the fall. The wheat which survived the winter was harvested, hand- 
threshed, and the grain examined for galls. The results are given in 
Table XVII. 


TABLE XVII.—Weight of grain and number of galls in hand-threshed grain from different 
piats of soil sown with Turkey wheat after receiving an application of manure from one 
of several kinds Natya animals fed whole or ground galls, or an application of manure to 
which had been added whole or ground galls and which was either immediately applied to 
the land or stored in a manure pit for six weeks, together with similar data from two 
control plats which had received an application of uninfested manure, one being sown 
with infested seed and the other with uninfested seed, Madison, Wis., season 1921-22. 





F Number 
Plat Source and treatment of . P Weight of : 
No. manure. Kind of inoculum used. qraia. of galls in 





Grams. 
- None 125 
Galls in seed a5 
Galls in manure 20 
Ground galls in manure 
Galls in stored manure 
Ground galls in stored manure. . 
Whole galls in feed 
Ground galls in feed 
Whole galls in feed 
Ground galls in f 


...| Ground galls in feed 
Whole galls in feed 
Ground galls in feed 
Chicken, stored di 
Chicken, fresh 
Chicken, stored 
24 | Chicken, fresh 

















@ Infection due to galls or larvae washing downhill from an adjacent plat intentionally inoculated at time 


of sowing. 
b hi Sudettion was due to nematode-infested feed being scattered about the stalls by the sheep while 
g. 


feedin 

With the exception of a few cases of what were undoubtedly accidental 
infections (fig. 2), the plants from the plats which had not been purposely 
inoculated produced healthy heads. It may be safely concluded from 
these data that there is little or no danger of spreading the nematode 
disease by means of the manure from farm animals which have been fed 
infested grain. However, if gall-infested straw, used for bedding, is 
spread upon the land without first being stored in the barnyard or 
manure pit, it is quite probable that the land would become infested. 
In that case, however, corn or some other nonsusceptible crop could be 
grown with safety. 
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® SLIGHT INFECTION DUE TO WASHING -ROM PLAT /4 


Fic. 2.—Diagram showing the arrangement of the field plats in which were conducted the experiments 
teferred toin Tables ITT wat XVII, concerning the transmission of nematodes through animals, their lon: 
gevityin stored manure and the effect of sowing different amounts of galls with the seed at Madison, Wis., 
September, 1921, the slope of land being in the direction of the numerical progression in diagram; that is, 
plats : and 2 were the the highest , and plat 24 the lowest. 
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OVERWINTERING OF THE PARASITE AND THE TIME AND METHOD 
OF INFECTION 





A considerable difference of opinion exists among investigators as to the 
time of year when the larvae leave the galls and invade the host plants, 
Roffredi (27) and Henslow (12), two of the earlier workers, believed that 
this takes place in the spring only, and that the larvae spend the winter 
within the galls in the soil. Marcinowski (17) likewise maintains, from 
the results of rather extensive experiments, that most of the larvae 
remain in the galls until spring. Some of the nematodes, she admits, 
may escape from the galls and invade the plants in the fall, but most of 
these return to the soil at the approach of cold weather. However, it 
appears that she based her conclusions upon the examination of relatively 
few plants and galls. 

The writer agrees with Davaine (9) that under favorable conditions of 
moisture and temperature most of the larvae leave the galls in the fall within 
a few weeks after sowing and spend the winter between the leaf sheaths 
of the host plants. These conclusions are based upon the examination 
of large numbers of diseased seedlings throughout the fall and winter. 
These seedlings were obtained from plats in which gall-infested seed had 
been sown in the fall. Most of the 30 varieties of wheat sown showed 
abundant symptoms of invasion by the nematodes shortly after sowing, 
so that, in the opinion of the writer, there can remain no doubt of the 
fact that a general invasion of the plants by the nematodes occurs in the 
fall. 

Some of the galls, however, retain their larval content all winter, as 
was shown by the examination of a number of. them which had been 
buried in the soil in October and were dug up in the following spring. 
The numbers of full and empty galls and the length of time they were in 
the ground are shown in Table XVIII. 


TABLE XVIII.—Number of full and empty galls found in the ground in spring, in soil 
inoculated the previous fall, Arlington Experiment Farm, 1920 





Number of galls. 








Days in 


soil. 
Full. Partly 


Examined. empty. 





22 
14 
16 
37 
39 
16 





144 























That more empty galls were not found in the spring was due, un- 
doubtedly, to their having disintegrated to such an extent that they were 
no longer distinguishable. The writer repeatedly has found wheat 
seedlings containing immense numbers of larvae from 10 to 15 days after 
gall-infested seed had been sown. From these facts we may conclude that 
the length of time it takes for the galls to disintegrate sufficiently to 
liberate the larvae varies considerably, owing probably to several factors, 
gy which are temperature, moisture, and the thickness of the gall 
walls. 
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Although a relatively high temperature seems to be conducive to the 
opening of the galls, it is not favorable for infection. High temperature 
causes such rapid growth of the plants that before the larvae can effect a 
general invasion the most susceptible period of the plant has passed. 
Wheat plants grown in a warm greenhouse from infested seed show little 
infection, while in the cooler soil of the field, a general invasion of the 
plants usually occurs. Experiments in soil-temperature tanks indicate 
that infection occurs more readily at 12° and 16° C. than at 20°, 24°, and 
28°. Prelude wheat was sown in the field at Madison, Wis., in July, 
1921, and the soil was heavily inoculated with galls. The mean soil 
temperature for the four weeks after sowing was 80° F. (26.6° C.). The 
plants grew to maturity and produced healthy heads. However, when 
sown in cold soil in early spring and inoculated with galls, Prelude wheat 
produced practically no uninfected heads. This affords additional evi- 
dence that temperature is an important factor in infection. 

The nematode larvae seem unable to invade the plant before the 
coleoptile has begun to unclasp or loosen about the young stem. Hun- 
dreds of wheat seedlings from heavily infested soil were examined and 
in no case were larvae ever found while the coleoptile was still firm about 
the base of the plant. But plants with this primary sheath slightly 
loosened, frequently contained larvae in abundance. Often they were 
found just within the loosening coleoptile and occasionally at the edge 
as though they were in the act of entering. Ata slightly later stage, they 
were invariably found between the ieaf sheaths near the growing point. 

How long after the loosening of the coleoptile it remains possible for 
nematode larvae to invade the plant and bring about infection remains 
to be determined. Sommerville (23) sowed wheat in pots November 8 
and kept them in a “cold greenhouse’’ (he does not state at what tem- 
perature) until December 16 when he placed them in the open. On 
April 4 he added 20 “‘cockles” (galls) to each pot. The wheat was har- 
vested August 5 and “where the addition of ‘cockles’ was delayed for 
five months after planting, infection was practically as complete as 
when ‘cockles’ were sown with the seed.’”’ Marcinowski (17) claims to 
have secured infection by spraying a water suspension of larvae on plants 
of considerable size. 

The writer placed a suspension of ‘active larvae at the base of plants 
6 to 8 inches tall, 16 days after sowing in a warm greenhouse, and 9 days 
later pronounced symptoms were observed. Likewise unopened galls 
placed near the plants 12 days after sowing produced characteristic 
symptoms of nematode injury 30 days later. From these and other 
observations, it may be tentatively assumed that the period during which 
the nematodes can invade the plant and bring about infection extends 
from the loosening of the coleoptile to the elongation of the culm, that 
is, as long as the terminal growitig bud or embryonic spike is located 
near the base of the plant. Larval suspensions injected into the flowers 
at various stages of growth from the time the plants were still in the boot 
till they were in full flower produced no infection. 


LONGEVITY AND VITALITY OF THE ORGANISM 
LONGEVITY 


Within the protective galls, the larvae may retain their vitality for 
many years. According to Néedham (78), Baher in 1771 succeeded in 
reviving larvae from galls that had been in the laboratory 27 years. 
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However, the movement Baher observed may have been the mechanical 
straightening of the dead larvae due to their absorption of water. Byars * 
proved that larvae may live within the galls for at least eight years. He 
examined the contents of galls from various countries and secured the 
data shown in Table XIX. 


TaBLE XIX.—Reactivation of larvae from galls received from various countries 





Per- 
Age. centage 
alive. 


—_ | Date | 
: | examined. 
ceived. 


| ii 


Years. 
1914 | Apr. 11, 1918 50-85 
50-75 
I-2 
do 10-15 
Mar. 26, 1918 ° 




















These figures indicate that the larvae in the galls gradually die in 
the course of a few years. This grain, however, at some time or other 
may have been exposed to unfavorable conditions, such as high tempera- 
tures, and this would account for the small percentage of larvae found 
alive in the galls after eight years. Most investigators believe that they 
remain alive for a longer period. 

Outside of the protective galls the larvae may exist either in a dried 
dormant condition much as when within the galls, or in an active, free- 
living condition in moist soil or between the leaf sheaths of plants. In 
the former state they remain capable of resuscitation after a considerable 
period, if kept dry and at a low or moderate temperature. The writer 
has revived larvae from galls that had been ground four years previously 
and kept in a glass jar in the laboratory. 


DESICCATION 


The larvae may be killed by such extreme desiccation as obtains in an 
ordinary desiccator containing calcium chlorid and sulphuric acid. This 
is especially true of those larvae which have been in a free-living state 
for some time. The writer placed larvae from galls and from wheat 
and rye seedlings in two series of watch glasses. These were placed in 
a desiccator and at regular intervals water was added to one of the watch 
glasses from each series in an attempt to resuscitate the larvae. Those 
taken from between the leaf sheaths of seedlings showed no indication 
of reviving in water after having been in the desiccator for two weeks. 
Those taken directly from the galls, however, were revived in water 
after more than two months of desiccation. 

In an active, free-living condition the larvae can retain life for a 
considerable period. In sterile, distilled water they remained active for 
nearly five months. In infested soil and in an ectoparasitic state in 
plants larvae may live outside the galls for at least nine months. For 
instance, when wheat is harvested in June many galls fall to the ground. 
The larvae undoubtedly escape from these within a month. If clean 
seed is sown on this infested soil in October plants will be found with 
numerous larvae between the leaf sheaths in the following April or May. 





§ Unpublished data, 
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The larvae are quite transparent by this time, having used up much of 
the reserve food material in their bodies, but they are still alive and 
active after having been in a free-living state for 9 or 10 months. It 
has been found, however, that they do not survive in the soil long enough 
to infect a subsequent wheat crop after a nonsusceptible crop has occu- 
pied the land for a year. Neither will land infested at harvest time 
produce pronounced infection in spring wheat sown the following April. 


LOW TEMPERATURE 


Investigators differ as to the minimum temperature that can be 
endured by the larvae. Marcinowski (17) states that larvae between 
the leaf sheaths of plants are killed at a temperature of —14° C. Davaine 
(9) claims that larvae can endure a temperature of —20°, and Penne- 
tier (20) also states that he exposed larvae to a temperature of — 20° for 
five hours or more without killing them. Neither states whether the 
larvae were within the galls or in a free-living condition. 

The writer exposed soaked galls to a temperature of — 40° C. for five 
minutes. The galls were then opened in water and the larvae’ were 
observed to move actively within a few hours. A section of a rye- 
seedling stem containing larvae was similarly exposed to —40° for 
five minutes and then placed in tap water. The larvae remained straight 
and at no time during the 40 hours following did they show any indica- 
tion of life, while larvae from another section of the same stem not 
exposed to the cold continued active movement. This seems to show 
that larvae taken directly from the galls can endure cold, as well as 
desiccation, to a greater degree than larvae that have been in a free- 
living state for some time. This undoubtedly explains the difference in 
the findings of Marcinowski (17) and those of Davaine (9) and Penne- 
tier (20). 

HIGH TEMPERATURE 


Byars’ (6) experiments on the effects of high temperature on the 
larvae both within and outside the galls showed that in previously soaked 
galls larvae are killed by immersion in water at 50, 52, 54, and 56° C. 
for 30, 20, 10, and 5 minutes, respectively. In galls not previously 
soaked in water a longer time is required. Free larvae placed in water 
at the above temperatures succumbed in half the time required to kill 
those inside the soaked galls. It happens that the same temperature 
fatal to nematodes in the galls is effective in controlling loose smut of 
wheat, so that if seed wheat in the infested region is treated for the 
latter disease the nematodes, if present, also are killed. 


CHEMICALS 


It has been found that any chemical able to penetrate the thick wall of 
the gall and kill the larvae inside will also kill the embryo of seed grain. 
Therefore, any attempt to control the nematode disease by treating the 
seed with chemical disinfectants is impracticable. Even when outside 
of the gall, the tough body wall of the nematodes makes them extremely 
resistant to the toxic action of chemicals. 

Pennetier (20) states that the free larvae can endure 0.5 per cent 
sulphuric acid for two hours, 25 per cent alcohol for six hours, and glyc- 
erin for one month. Byars (6) found that nearly five hours in for- 
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maldehyde of 1: 240 strength, or four and a half hours in mercuric chlorid 
of 1: 1000 strength, were required to kill the free larvae. They endured 
immersion in 0.5 per cent sulphuric acid for three hours, and 5 per cent 
solution of copper sulphate for six and one-half hours. Within the 
protective galls, of course, the larvae can endure a much longer period 
in any of the above chemicals. 

Sommerville (23) tried various strengths of copper sulphate, sulphuric 
acid, and commercial formalin, but found that whatever affected the 
nematodes also reduced the germinating power of the seed. He con- 
cludes that seed treatment is impracticable. 


CONTROL MEASURES 


Inasmuch as seed treatment is inadvisable, and completely resistant 
varieties unknown, the control measures are limited mainly to sanitation 
and rotation, in short, clean seed sown in uninfested soil. 


CLEAN SEED 


The best way to insure having suitable clean seed is to obtain a supply 
that has been grown on uninfested land, preferably in the same or a 
near-by locality where the disease does not exist. If this is impossible, 
the gall-infested seed on hand may be cleaned by the salt-brine method 
devised by Johnson and Vaughan (z4) for removing ergot from rye. 
This consists of pouring the infested grain into a 20 per cent solution of 
common salt (sodium chlorid), stirring vigorously in the meantime, and 
then skimming off the galls, which float, due to their lower specific 
gravity, while the sound wheat sinks. The grain should then be rinsed 
in fresh water and spread out to dry. It is best to sow it at once. If, 
in addition to this treatment, the grain be soaked in water at 54° C. 
for 15 minutes after a preliminary soaking in cold water for several hours, 
any galls that may not have been removed will be rendered harmless, 
and, according to Humphrey and Potter (z3), loose smut also will be 
prevented. This latter process, however, is one which demands great 
care, as there is danger of injuring the vitality of the seed by excessive 
temperature or too long an exposure. 


CLEAN SOIL 


In order to free soil from the wheat-nematode infestation it is necessary 
to keep susceptible crops off the land for one year. This was demon- 
strated by rotation experiments conducted on infested soil at Morrisville 
and Woodstock, Va., as shown in Table XX. 


TABLE XX.—Arrangement of rotation plats at Woodstock and Morrisville, Va., showing 
the crops grown on each plat in each season {” ‘our years, on land badly infested in 1917, 
and the condition of the wheat following the different rotations 





Plat No. 1. Plat No. 2. Plat No. 3. 





Wheat 
do 
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Soil on which badly diseased wheat had been grown in 1917 was divided 
into three separate portions, each of which was given a different 
rotation. ‘The first part was in grass in 1918, corn in 1919, and wheat in 
1920. ‘The second part was in wheat in 1918, grass in 1919, and wheat 
in 1920. ‘The third part was used for wheat in all three years. In each 
case the wheat grown in 1920 on the rotated fields was entirely free from 
the disease, while that grown on the second plat in 1918 and on the third 
plat in all three years was badly infected, although clean seed had been 
used. Similar results have been obtained on small plats at Arlington 
Experiment Farm and on the Agricultural Experiment Station Farm at 
Madison, Wis. 

Marcinowski (17) advises the “catch crop’’ method suggested by 
Kihn (16). This consists in growing a susceptible cereal on the infested 
soil, allowing the plants to become thoroughly infested with the nema- 
todes and then destroying the plants. This plan is both ineffective and 
impractical, because all the nematodes do not enter the seedlings and 
the cost involved is prohibitive. Inasmuch as rotation and clean seed 
offer such a simple remedy it would be manifestly unwise and unprofitable 
to attempt any uncertain method. 


RESISTANT VARIETIES 


Among the many varieties of wheat tried in experiments covering three 
years, none showed sufficient resistance to nematode infection to be of 
any value in controlling the disease. Kanred showed marked resistance, 
but, nevertheless, enough galls were produced to perpetuate the disease. 
A wheat variety, to be effective in nematode disease control, would have 
to be practically immune. 


SUMMARY 


The nematode disease of wheat has been reported from all continents. 
In the United States it appears to be confined to Virginia, West Virginia, 
North Carolina, South Carolina, and Georgia. 

Severe losses occur where the disease is prevalent, some fields being 
damaged as much as 50 per cent. Preliminary field data indicate that 
spring wheat is severely injured if infested seed is sown. Fortunately, 
the disease does not occur in any spring-wheat district in this country. 

The disease attacks wheat, rye, emmer, and spelt with almost equal 
virulence. Oats and barley, while capable of being parasitized to some 
extent, are practically immune, as are also the various grasses. 

In the seedling stage the disease causes wrinkling, twisting, or various 
other distortions of the leaves. The emerging leaf often is held by the 
older one, thus causing a “buckling” of the former while still in the 
inclosing sheath. Infected plants are usually shorter and thicker than 
normal ones. Badly infested seedlings often wilt and die. 

In the mature heads the disease is characterized by the presence of 
hard, dark galls in place of normal kernels. These galls are somewhat 
thicker than wheat kernels and cause the glumes to stand out as in bunt- 
infected heads. 

Several galls of varying size may be produced in one head. Galls in 
rye generally are smaller and lighter colored than those in wheat. They 
also are less conspicuous in the head and do not shatter out as easily. 
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The causal organism (Tylenchus tritict) is a minute nematode and may 
be found in great numbers in the larval state inside the mature galls, 
From 2,000 to 20,000 or more larvae are found in one gall. They are 
slender, threadlike, round worms nearly 1,000 u in length and 25 » in 
width. Escaping from the disintegrating gall into the soil, they reach 
the growing point of the host plant where they remain ectoparasitically 
until the flower parts begin to form, when they cause the formation of 
galls in place of kernels. Inside of these galls the larvae develop into 
male and female adults. Each female may produce several thousand 
eggs, which in a short time hatch into larvae. These larvae go into a 
dry, dormant state in the mature gall, and in this condition they can 
remain alive more than 10 years. They can endure extremely low tem- 
peratures and considerable desiccation, but immersion in water at 56° C. 
for 5 minutes kills them. They are resistant to chemicals, so that the 
latter are ineffective in seed treatment in concentrations that will not 
injure the seed. Although not so resistant to unfavorable conditions 
when outside of the protective galls, nevertheless in a dried dormant 
condition they are able to remain alive for several years. Larvae that 
have been in the free-living state for some time, in the soil or between 
the leaf sheaths of plants, succumb more readily to unfavorable condi- 
tions than those remaining in a dried dormant condition. 

The disease is most commonly spread by means of infested seed and 
straw. It may be carried from one farm to another by the threshing 
machine. Screenings from infested wheat may also carry the disease 
to anew area. Other possible agencies of dissemination are farm imple- 
ments, the feet of animals moving from infested to clean soil, barnyard 
manure from infested straw, and running surface water. Birds are of 
minor importance as agencies of distribution. 

Through their own efforts, the larvae were unable to effect a general 
invasion of the wheat at a distance of more than 4 inches (10 cm.) laterally 
although a few reached plants 12 inches (30 cm.) distant. Vertically, 
they moved from 12 inches below the seed and produced infection. 

The organisms invade the plant after the loosening of the coleoptile, 
and presumably invasion may continue until elongation of the culm 
occurs. 

The organisms may overwinter within the protective galls or in a free- 
living state in the soil or between the leaf sheaths of the host plants. 

The disease is easily controlled by the use of clean seed sown on clean 
soil. Susceptible cereals should be kept off infested fields for at least 
one year, as this will starve the nematodes in the soil. 
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PLATE 1 


A.—Head of nematode-infected Nebraska Hybrid wheat. The badly distorted flag 
leaf is interfering with the natural emergence of the head from the boot. 

B.—Galls on the stem of Black Winter emmer. 

C.—Gall on the leaf of Black Winter emmer. 

D.—Leaf markings, an early symptom of the nematode disease. Some of these show 
slight discoloration, giving a mottled appearance to the leaf. The split leaf 
shows a more advanced stage of this symptom. 

ei yp spring wheat affected by the nematode disease due to sowing gall-infested 
seed. 

F.—Healthy Prelude spring wheat grown from uninfested seed sown at the same time. 
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PLATE 2 


A.—Wrinkling and curling of the leaf edges toward the midrib in a nematode-infected 
wheat plant. This is a typical case of the emerging leaf being held by the curling 
of the older leaf enclosing it. 

B.—Twisting of the leaves of a wheat plant due to the nematode disease. The slight 
natural clockwise twist of the leaf is often severely aggravated in infected plants. 


C.—A pronounced case of bending of the culm of a nematode-infected wheat plant, 
due to successively emerging leaves being held by the older leaves as shown 
in A. The lower leaves have been removed in order to disclose the crooked stem. 

D and E.—Badly distorted seedlings of Red Rustproof oats found on dissection to be 
infested with vast numbers of nematodes about the growing bam gy 

1 


F.—One of a large number of wheat plants found near Ocean View, Calif., in 1920, and 
showing symptoms similar to those caused by nematodes but which are due to 
climatic or other environmental conditions. 
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PLATE 3 


A.—Seedling of Hansee Hull-less barley infested with nematodes as shown later by 
dissection under the microscope. Note slight wrinkling of the leaf and bulging 
of leaf sheaths at base of plant. The symptoms are not so pronounced as those 
of infested wheat seedlings. 

B.—Heads of Hansee Hull-less barley infected with nematodes. These heads con- 


tained characteristic nematode galls and also a few kernels. 

C.—Head of Genesee Giant wheat uninfected. 

D.—Heads of Genesee Giant wheat infected with the nematode disease. Note the 
spreading glumes, the distorted awns, and the dark galls in place of kernels. 

E.—Head of Von Riimker rye uninfected. 

F.—Head of Von Riimker rye infected witk the nematode disease. Note the greater 
prominence of galls near the base of the spike. 
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PLATE 4 


A.—Wheat infested with the nematode disease. When this wheat was sown, nematode 
galls were sown with the seed. Note the severe stunting of the plants and the 
wrinkling of the leaves. 


B.—Barley growing in a row adjacent to the badly diseased wheat and similarly 
inoculated but apparently not affected by the nematodes, 
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PLATE 5 


Comparison of nematode galls from wheat and rye with normal kernels of wheat 
and rye and with impurities commonly found in threshed grain. Note the comparative 
uniformity in the size and form of the galls from wheat and the variation in the size 
and form of the galls from rye. 

A.—Cockle seed. 
B.—Vetch seed. 
C.—Bin-burnt wheat kernels. 
D.—Bunt balls. 
E.—Ergot sclerotia from wheat. 
F.—Ergot sclerotia from rye. 
G.—Galls from wheat. 
H.—Galls from rye. 
I.—Wheat kernels. 
J.—Rye kernels. 
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CORN ROOTROT STUDIES’ 


By Tuomas F. Manns, Plant Pathologist and Soil Bacteriologist, and CLaupg E. 
Puituirs, Delaware Agricultural Experiment Station? 


During the past few years a great deal of study has been devoted to 
the corn rootrot disease. Most of the investigators agree more or less 
on the symptoms manifested by it, but there seem to be differences of 
opinion as to the relative importance of the organisms causing it. The 
teport which follows presents the results of investigations made to 
determine the importance of the various causal organisms. Time limi- 
tations made it necessary to conduct all of the infection work under 
laboratory and greenhouse conditions. 


HISTORICAL REVIEW 


A review of the literature covers investigations pertaining to corn 
rootrot in so far as the writers have been able to secure them. In this 
review special mention is made only of results which bear directly on 
the importance of the causal organisms. 

Satcardo (11, p. 14)* reported Oospora verticilloides in Zeae maydis 
in 1886. Itis nowquite certain that thisfungus is identical with Sheldon’s 
(13) Fusarium moniliforme. Burrill and Barrett (2) in 1909, investi- 
gating the earrots of corn, reported that— 
the active agents of destruction are several species of parasitic fungi, among which 
one does by far the most damage, probably go per cent of the whole amount. This 
is known botanically as Diplodia zeae (Schw.) Lev. * * * At least three other 
species of fungi all belonging to the genus Fusarium attack, with somewhat similar 
results, the developing ears of corn. 


Heald, Wilcox and Pool (7) in 1909 stated that— 

Diplodia zeae produces in the ear a condition which may be called “dry rot,’’ though 
ptobably the majority of corn growers refer to such ears as molded. 

Stevens and Hall (15) in 1909 also reported that they found Diplodia 
zeae in North Carolina where the disease is known as “ mold,’’ “ mildew,”’ 
“rot,” and “souring.” Arzberger (r) in 1913, working upon cobrot of 
corn, stated that— 


Coni ium has an economic significance in that it destroys the cob tissue as a 
saprophyte; its effect on the kernels is rather limited when compared with the injury 
of Diplodia, Fusarium and other fungi. 


Hoffer and Holbert (8) in 1918, found that— 


the same organism which causes scab of wheat also causes rot of the stalks, ears and 
ear-shanks of corn plants. 


Valleau (77) in 1920, reported that— 


Fusarium sep ay is an active parasite and is capable of causing root and stalk 
tots of corn under laboratory and field conditions. Inoculation experiments with 





’ | Received for publication Nov. 21, 1923. . . 
* The major part of this investigation was made by the funtor author in preparation for a minor thesisin 
graduate work in plant pathology at the University of Delaware. 
* Reference is made by number (italic) to “ Literature cited,” p. 964. 
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corn seedlings are of little value until a method can be devised of ridding the seed of 
contamination of organisms or until a source is discovered from which disease-free 
seed may be obtained. Gibberella sp. may or may not be present with root and 
stalk rots. Fusarium moniliforme appears to be the more active B ogee when it and 
Gibberella are associated on rotting stalks of corn. Because of the high degree of 
infection with F. moniliforme over much of the corn belt, it will probably prove to be 
the most common cause of root and stalk rots of corn. 


In 1921 he (18) reported that— 
disease-free seed probably does not exist under average field conditions. 


Manns and Adams (9) in June, 1921, in a popular bulletin, reported 
four parasitic fungi as very common in seed corn. These are Cephalo- 
sporiwm sacchari, Gibberella saubinetui, Fusariwm moniliforme and Dip. 
lodia zeae. They stated that— 
in this State (Delaware) corn is internally infected with four different parasitic fungi, 
to the extent of 39.54, 5.95, 19.92, and 5.69 per cent, respectively, for each of 
diseases. 

W. A. Taylor (16, p. 33-35), Chief of the Bureau of Plant Industry, 
United States Department of Agriculture, speaking in 1921 of the rots 
of corn, reported that— 


the chief fungus parasites are Gibberella saubinetii (the wheat scab fungus), different 
species of Fusarium, especially Fusarium moniliforme, and Diplodia zeae. 


Manns and Adams (70) in 1923 stated that— 


a fungus unlike any previously reported in this country as far as we could determine 
was found very prevalent internal of seed corn. This fungus morphologically agrees 
with the description of Cephalosporium sacchari Butler, as reported by Butler and 
Khan (4) on sugar cane in India. Butler (3, p. 402-404) also found this fungus on 
sugar canes shipped from the United States to India. In view of these facts and 
because of the close relationship between the two hosts, it seems better to refer our 
fungus tentatively to this form than to create confusion by describing a new pee 
Further studies are in progress to determine the status of our fungus. The following 
four parasites were consistently found in our studies: os hvspar egg sacchari Butler; 
Fusarium pera ayes Sheldon; Gibberella saubinetii (Mont.) Sacc. and Diplodia zea 
Schw.) Lev. e parasitism of these fungi has been determined by inoculations, 
far as we have been able to determine the fungus here referred to as Cephalosporium 
sacchari is reported for the first time as a parasite of corn. Fusarium moniliforme is 
considered identical with Oospora verticillowdes described on corn in Italy by Saccardo, 


Duddleston and Hoffer (6) in 1921, reported that— 


in a test of over 14,500 ears at Shelbyville, Ind., in 1920, 27 per cent showed serious 
infections of Fusarium sp. and Diplodia. 

Sherbakoff (14) in his investigations found that in Tennessee, as in 
other States, the most common Fusarium of corn is Fusarium moniliform 
Sheldon. Clayton (5) in 1922, reported that— 
work done in Ohio during the winter of 1920 and 1921 showed that the fungus Diplodia 
zeae was very prevalent in seed corn. 

Dr. J. F. Adams in an unpublished departmental report for 1921 
(Delaware) on inoculation experiments on corn 4 feet high to the tassel- 
ing stage, with Gibberella saubinetit, Diplodia zeae, Fusariwm moniliforme 
and the fungus tentatively referred to as Cephalosporiwm sacchari, notes 
the following: 

The weakest lesions resulting from the field inoculations were found in the results 
of C. sacchari and F. moniliforme particularly on the younger corn. The most cot- 
spicuous lesions on the stalks were found with G. saubinetii and D. zeae. Internodal 
inoculations produced the most extensive lesions. 

The literature as here reviewed shows that investigators have detef- 
mined upon four different organisms as the principal ones associated 
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with corn rot diseases. These organisms are Fusarium moniliforme 
Sheldon; Gibberella saubinetit ( Mont.) Sacc.; Diplodia zeae (Schw.) Lév., 
and Cephalosporium sacchari Butler. It is known that several of these 
organisms inhibit germination and appear to be active factors in the 
production of stalk and ear rots. Their importance as factors in causing 
rootrot, however, is still in dispute. It is even questioned whether soil 
reaction is not the real factor predisposing corn to the attacks of these 
so-called seedling and rootrot diseases. 


EXPERIMENTAL METHODS 


The value of an experiment such as the one herein reported depends to 
a great extent upon the care with which it is conducted and therefore the 
methods used will be described. 

The nature of the infection carried in seed corn showing no external 
symptoms of disease was determined by germination. A representative 
sample was selected from each ear of corn, and the fungi carried internally 
were determined by the method described by Manns and Adams (z0) as 
follows: 

Fifteen or more kernels are disinfected in a test tube 150 by 20 mm. for one minute 
in a solution of 50 per cent alcohol containing 1 gm. of bichlorid of mercury in each 
liter. This solution is known as a 1 to 1,000 HgCl, in 50 per cent alcohol. Following 
this treatment the kernels are washed in the same.tube with two successive washin 
with 20 cc. each of sterile water, and immediately 10 kernels are removed aseptically 
with sterile forceps and placed with the germ side down on 20 cc. of nutrient dextrose 
agar in a sterile culture dish. Further, 5 of the remaining kernels are each Toes ina 
sterile culture dish, and with a sterile scalpel the point of the kernel, which is the 
portion that contains most of the internal infection, is cut off '/, to '/, inch from the end; 
then with a strong sterile forcep each point is placed in the mouth of a heavy-walled 
tube (it requires a strong tube and strong forceps, as crushing is not easy) 150 by 20 
mm., containing 10 cc. of [liquefied] sterile nutrient dextrose agar medium at 43° C.; 
the point is thoroughly crushed and shaken down into the medium, then well mixed 
and poured into the sterile culture dish containing the remaining part of the kernel. 


This method was used extensively by the senior author in his studies 
of flax diseases in 1904‘ and on wheat diseases in 1909 (12). 

The following method of plating soil was used: One gm. of air-dry soil 
was placed in 100 cc. of sterile water. Ten cc. of this solution were by 
means of a sterile pipette placed in go cc. of water, making approximately 
a1 to 1,000 solution. Ten cc. of the 1 to 1,000 solution were placed in 
another 90 cc. of sterile water, making approximately a 1 to 10,000 solu- 
tion. One cc. of each solution was put in a test tube containing 12 cc. of 
weak nutrient glucose agar, mixed thoroughly, and poured into a sterile 
Petri dish. The plates were read 7 to 10 days later. To insure a fair 
degree of accuracy, six plates of both the 1 to 1,000 solution and the 1 to 
10,000 solution were made and the average taken when read. 

The method employed in growing the corn under sterile conditions has, 
so far as could be learned, never been previously reported. ‘The jars used 
in this work were the ordinary one-quart Mason jars, although two-quart 
jars would have permitted better growth. Each jar was filled with a rich 
garden soil and sterilized from four to six hours at 7 to 10 pounds pressure 
in a steam autoclave. Plate cultures were run on several of the jars and 
they were found to be free of all organisms. The soil used was a rich 
compost such as was being used in the greenhouse by the horticultural 
department for potting. To get disease-free seed the surface-sterilized 





‘Manns, T. F. FUNGI OF FLAX SICK SOIL AND FLAX SEED. 1904. Unpublished manuscript (Master's 
thesis) filed in Department of Botany, College of Agriculture, Fargo, N. Dak. 
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corn was first germinated in Petri dishes (Pl. 1) on a weak nutrient 
glucose agar. Only seedlings found to be free from infection at the end 
of a five to six day period were used. It was discovered that disease-free 
seed was very difficult to secure, but in these investigations some corn 
seed samples were found which after surface treatment were practically 
100 per cent disease free. The seedlings were transferred from the plates 
to the jars with sterile forceps. During this transfer some of the soil in 
the jars was exposed to the air in the laboratory, but all possible pre- 
cautions were taken to prevent infection. The table on which the work 
was done, the hands, and all dishes and instruments used were swabbed 
with a 1 to 1,000 HgCl, in 50 per cent alcohol solution. At the time of 
planting, the soil in the jars was inoculated with the various organisms. 
This inoculation was obtained from pure cultures of these organisms 
grown on weak nutrient glucose agar. A sufficient quantity of the culture 
was added to the jars to insure a thorough inoculation. All experiments 
were run in duplicate. After the corn was planted the tops of the jars 
were covered with sterile cotton. It was necessary to exercise care when 
the plants were coming through to see that the cotton cover did not inter- 
fere with their growth. The jars were kept properly supplied with 
water; the optimum moisture condition was met by supplying 30 per 
cent moisture at the time of planting and keeping this replenished every 
other day. 
STUDIES WITH ROOTROT SICK SOIL 


Preliminary studies were made on two soils taken from adjacent 
fields on a near-by farm. Previous to the growing of the corn crop in 
1921, both fields had been’ part of a peach orchard for 12 years. Field 
No. 1 produced much rootrot and fallen corn in 1921, while field No. 2 
produced a good corn crop. It is not known by the writers what fertilizer 
or cultural treatments the fields had had during the 12-year period pre- 
vious to the experiment, but is is not thought likely that a very high de- 
gree of fertility was maintained. Field No. 1 was the lower of the two 
fields, and was poorly drained. ‘The soil was a fine sandy loam, light 
brown in color. Large areas of nut grass (probably Cyperus rotundus) 
were growing in this field. Field No. 2 was somewhat higher than No. 1 
and was better drained. ‘The soil was a fine sandy loam, very dark in 
color. ‘These soils were plated and examined for pathogenic fungi; at- 
tention was given only to the four organisms, namely, Fusariwm monili- 
forme, Gibberella saubinetii, Diplodia zeae and the so-called Cephalosporiwm 
sacchari. ‘The soil from field No. 1 was found to be apparently free from 
the above organisms, while field No. 2 showed an average of 300 colonies 
of F. monilijorme per gram. The other organisms did not show in the 
cultures. Total nitrogén and total organic matter determinations were 
run on each of these soils. The results were as follows: 
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The soil was brought into the laboratory from each of these two fields. 
The soil from field No. 1 (the nonresponsive sick field) was put into two 
3-gallon pots labeled 1A and 1B. The soil from field No. 2 was put into 
similar pots and labeled 2A and 2B. Pot 1A received a treatment of 7% 
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. of calcium oxid in 15,000 gm. of soil; this is equivalent to 1,000 
pounds of lime for a 2,000,000-pound acre (about a 6-inch acre); pot 1B 
received the equivalent of a treatment of 400 pounds of 2-8-6 fer- 
tilizer per acre, that is, 1 gm. sodium nitrate, 3 gm. 14 per cent acid 
phosphate and 1 gm. potassium chlorid in 15,000 gm. of soil; pot 2A 
received the equivalent of 500 pounds of lime per acre, that is, 3.75 gm. 
calcium oxid in 15,000 gm. of soil, and pot 2B received a treatment 
similar to pot 1B. 

Corn which was apparently free from infection and which had been 
surface-sterilized according to the method previously given (p. 959), was 
planted, 15 kernels in each pot. The pots were planted on December 22, 
1921; and on January 14, 1922, all plants except four in each pot were 
taken out. Several of the plants removed showed external evidences of 
infection and crushed cultures were made of the hypocotyl and lower 
part of the stem of each plant. No differences in the fungus floral content 
in any of the pots could be noticed. The plates showed large numbers of 
Bacillus radicola, several colonies of a Fusarium sp., a few colonies of 
F.moniliforme and one colony of Cephalosporiwm sacchari. On February 8, 
two plants were removed from each pot, examined and photographed. 
The examination showed that in pot 1A the hypocotyls were healthy. 
In pot 1B the hypocotyl of one plant was healthy and the other showed 
a pronounced lesion. In pot 2A the hypocotyl of one plant was dead and 
the other showed pronounced lesions. In pot 2B the hypocotyls were 
healthy. The work was discontinued here. The results obtained in the 
laboratory and greenhouse were exactly the reverse of the conditions 
found in the field, a fact which would seem to indicate that the “‘sick”’ 
condition of Field No. 1 was not due to the presence of pathogenic organ- 
isms in the soil. Just what the sick condition was caused by is still an 
open question. It might be the result of poor drainage or of some other 
purely physical condition. 


INFECTION EXPERIMENTS WITH CORN ORGANISMS 


The major part of these studies was concerned with trying to deter- 
mine the effect of four different fungi upon corn, namely, Fusarium 
moniliforme, Sheldon; Gibberella saubinetiit (Mont.) Sacc.; Diplodia 
zeae (Schw.) Lév.; and the fungus tentatively referred to by Manns 
and Adams (10) as Cephalosporium sacchari Butler. As has been pre- 
viously stated, these are the fungi most commonly associated with corn 
ear, stalk, and root rots. 

In order to reduce the probability of error the work was triplicated. 
The a were handled according to the method previously described. 
The first series contained ten jars. Jars No. 1 and No. 2 were inoculated 
with Diplodia zeae; 3 and 4 with Cephalosporiwm sacchari: 5 and 6 with 
the organism tentatively referred to as Cephalosporium sacchari and with 
Fusarium moniliforme; 7 and 8 with all four of the fungi under consid- 
eration, and 9 and 10 were held as controls; that is, were not inoculated. 
These jars were planted on February 28 and were examined on March 17. 
The results on the latter date were as follows: 

Jar No. 1.—Inoculated with Diplodia zeae. One plant dead and 
another almost dead. Some Trichoderma koningii found. Both plants 
contained large quantities of Fusariwm moniliforme spores in the stems. 

Jar No. 2.—Same as Jar 1 except that no F. moniliforme spores were 
found on the stems. Some, however, appeared on the roots. 
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Jar No. 3.—Inoculated with Cephalosporium sacchari. One plant dead , 
and one equal to those in the control jars. 

Jar No. 4.—One plant dead and one equal to the control plants. Both 
living plants looked fairly healthy. (One of these plants grew until about 
April 17 and the other grew practically to maturity and produced a small 
ear and a tassel about the last of May.) 

Jar No. 5.—Inoculated with Cephalosporium sacchari and Fusarium 
moniliforme. Both plants dead. A considerable quantity of Tricho- 
derma koningii was found on top and around the sides of the jar. The 
stems of the plants when examined showed F. moniliforme; there was 
fairly good root growth. 

Jar No. 6.—Both plants were dead. The stem when examined showed 
Fusarium moniliforme. F. moniliforme was also found fruiting around 
the edge of the jar. There was good root growth. 

Jar No. 7.—Inoculated with Gibberella saubinetii, Diplodia zeae, Fusa- 
rium monmiliforme, and Cephalosporiwm sacchari. Both plants were dead, 

Jar No. 8.—(Duplicate of jar No. 7.) One plant was dead and the other 
was almost dead. A large number of Fusarium moniliforme spores was 
found on the stem and throughout the jar. The plants. in both jars had 
good root growths. 

Jars No. 9 and 10, controls.—The plants in both jars were healthy and 
apparently doing well. (The plants in one of the jars grew until May 2, 
when it was removed to make room for another jar; the plants in the other 
jar were in a healthy condition until June 8, at which time the work was 
discontinued.) 

In the second series of experiments eight jars were used. ‘Two were 
inoculated with Diplodia zeae, two with Fusarium moniliforme, two with 
Gibberella saubinetu, and two were held as controls. This series was 
planted March 28 and the first notes were taken on April 11. At that 
time one plant was dead in each of the G. saubinetw jars and one was dead 
in one of the F. moniliforme jars. The plants in all other jars were growing 
well and showed no noticeable difference from the control. On April 25 
the jars were again examined. The controls were growing splendidly. 
The F. moniliforme jars showed much improvement and no further effects 
of the inoculation were visible. The D. zeae jars showed the effects of the 
inoculation. The plants were a little smaller than the controls and had 
begun to wilt. (See Pl. 2, A, B, and C.) 

The third and last series of inoculations was begun on May 5. ‘There 
were twelve plantings in this series. Two jars were inoculated with 
Diplodia zeae; two with Fusarium monilijorme; two with Gibberella saubin- 
etit; two with the so-called Cephalosporium sacchari from the United States 
(the fungus found by Manns and Adams (zo) so plentifully in seed corn 
and tentatively referred by them to C. sacchari); and two with Cephalo- 
sporium sacchari Butler from India. The cultures of C. sacchari used in 
the two last-mentioned jars were isolated by Dr. F. J. F. Shaw, Pusa, 
India, and forwarded to the senior author by Dr. E. J. Butler of the 
Imperial Bureau of Mycology, Kew Gardens, England. This culture 
when examined was found to bea Fusarium. Doctor Butler forwarded a 
second culture from Doctor Shaw, which when examined was also 
found to be a Fusarium. 

Two of the plantings were used as controls. (See Pl. 2, D, E, F, and 
Pl. 3, C, D, taken May 16; Pl. 3, A, B, and Pl. 4, A, B, D, taken May 30.) 
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The results obtained from this work would indicate that certain of these 
fungi have a more pronounced pathological effect on the young plant than 
do others; especially when infection comes by way of the soil rather than 
through the seed. Fusarium moniliforme produced but little effect on the 
growth of the plants; even after the third week very little difference could 
be gag between the inoculations and the controls (Pl.2, A, D, and PI. 

, A). 

y Gibberella saubinetit produced a distinct pathological effect on the 
seedling plants. It is quite evident from this study that this fungus must 
be one of the active factors in producing a poor stand (Pl. 2, B, E, and 
Pi. 3, B). Those plants which survived the seedling stage recovered 
somewhat and continued their growth, although considerably stunted. 
In this series the principal effect of Diplodia zeae was apparéntly a retard- 
ing of the seedlings in the early stages of growth. ‘The inoculated plants 
when not killed were much smaller than the controls (Pl. 2, C, F, and Pl. 
4, A). 

The organism referred to as Cephalosporiwm sacchari by Manns and 
Adams (10) gave no indication whatever of injuring the plants (Pl. 3, C, 
and Pl. 4, B). In all of the inoculations with this organism the plants 
were equal in growth and appearance to the controls. 

The culture which Doctor Butler forwarded from Doctor Shaw of India 
as Cephalosporium sacchari Butler, was somewhat active as a corn parasite 
in the inoculations; it behaved somewhat like Gibberella saubinetii in 
destroying seedlings and retarding growth (Pl. 3, D, and Pl. 4, C). 


SUMMARY 


(1) Cultures of the fungous flora of soil from a field showing much 
rootrot failed to give any of the so-called rootrot organisms. Laboratory 
studies on this particular soil gave better response with corn than soil 
from the adjacent field which in 1921 showed no rootrot. ‘These studies 
indicate that corn rootrot on the field which gave poor results in 1921 was 
induced by factors other than the so-called rootrot fungi. Probably a 
combination of poor drainage and lack of fertility were the chief factors. 

(2) In these investigations it has been possible by careful selection and 
surface disinfection to obtain seed corn sufficiently free internally from 
disease for experimental work. 

(3) Gtbberella saubinetit proved to be the most active seedling parasite 
of corn and may be an important factor in reducing stands. 

(4) In these investigations Fusariwm monilijorme appeared less active 
as a seedling parasite than Gibberella saubinetit. 

(5) Diplodia zeae is quite active in retarding the growth of the young 
plants. Inoculated plants were much inferior to the controls. 

(6) The organism so abundant in corn and referred to as Cephalo- 
Sporiwm sacchari Butler by Manns and Adams (70) showed no patho- 
genicity whatever in this study. 

(7) The organism sent by Doctor Shaw from India as Cephalosporium 
sacchari Butler, which in the writers’ hands proved to be a Fusarium, was 
somewhat active as a seedling parasite of corn, when used in infection 
work. 

(8) Corn plants, provided they are properly cared for, may be grown 
almost to maturity in one-quart Mason jars. They will not reach the 
size of plants in the field, but will remain vigorous and green (Pl. 4, D). 
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PLATE 1 


A.—Disease-free seed corn germinated on nutrient glucose agar in Petri dishes, 
The kernels were surface-sterilized with alcoholic bichlorid of mercury for one minute. 
(See p. 959.) 

B and C.—Internally infected seed corn germinated on nutrient glucose agar in a 
Petri dish. The kernels were surface-sterilized with alcoholic bichlorid of mercury 


one minute. (See p. 959.) 
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PLATE 2 


A.—Four jars in the second series. Corn plants 23 days old. The two jars on the 
right were inoculated with Fusarium moniliforme, the two on the left were controls, 
There was very little difference in favor of the controls. 

B.—Four jars in the second series. Corn plants 23 days old. The two jars on the 
right were inoculated with Gibberella saubinetii, the two on the left were controls, 
Some strains of G. saubinetii appear to be very active factors in destroying seedlings 
and inhibiting growth. 


C.—Four jars in the second series, Corn plants 28 days old. The two jars on the 
right were inoculated with Diplodia zeae, the two on the left were controls. D. zeae 
is apparently an active factor in destroying seedlings and in inhibiting their growth. 

D.—Three jars in the third series. Corn plants 11 days old. The two jars on the 
right were inoculated with Fusarium moniliforme, the one on the left was a control, 
The results indicate F. moniliforme to be somewhat active. 

E.—Three jars in the third series. Corn plants 11 days old. The two jars on the 
tight were inoculated with Gibberella saubinetti, the one on the left was a control. 

F.—Three jars in the third series. Corn plants 11 days old. The two jars on the 
right were inoculated with Diplodia zeae, the one on the left was a control. In this 
series the seedlings were not killed, but the growth was greatly inhibited. 





PLATE 3 


A.—The same jars as those illustrated in Plate 2,D. The corn plants were 27 days 
old. The growth of the plants appeared to be inhibited to a slight extent by 
Fusarium moniliforme. 

B.—The same jars as those illustrated in Plate 2,E. The corn plants were 27 days 
old. Only one plant was alive in the jars inoculated with Gibberella saubinetii and 
it made very slow oe G. saubinetit appeared to be the most active of the several 
pathogenes with which experiments were made. 

C.—Three jars in the third series. Corn plants 11 days old. The two jars on the 
right were inoculated with the fungus so prevalent in seed corn in the United States 
and which was tentatively referred to the species Cephalosporium. sacchari Butler 
by Manns and Adams; the one on the left was a control. C. sacchari in these experi- 
ments apparently had no effect on the seedling plants, since no difference is noticeable 
between those inoculated and the control. 

D.—Three jars in the third series. Corn plants 11 days old. The two jars on the 
right were inoculated with Cephalosporium sacchari Butler, the organism forwarded 
by Dr. Butler from Dr. Shaw, Pusa, India, to the senior author; the one on the left 
was a control, This organism, which proved to be a Fusarium in the hands of the 
writers, apparently has an inhibiting effect on the growth of corn seedlings and may 
destroy them. 
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PLATE 4 















































PLATE 4 i 
A.—The same jars as those illustrated in Plate 2, F. The corn i were 27 days 
old Diplodia zeae appeared to cause a marked inhibition of growth 
B.—The same jars as those illustrated in Plate 3,C. The corn plants were 27 days 
old. The fungus referred by Manns and Adams to the species Cephalosporium sacchari 


Butler has caused no noticeable ill effects except in one plant which appeared to be 
somewhat weakened in growth. 


—The same jars as those illustrated in Plate 3, D, showing the work of Cephalo- 


sporium sacchari Butler, cultures of the fungus direct from India. The corn plants 
were 27 days old. The plants in one jar have died. The plants in the inoculated 
jar at the right have almost recovered from the setback received in the seedling stage 
D.—This photograph was taken when the corn plants were about 62 days o d. 

They were growing well and had a good color. This shows that with proper handling 
corn plants may be grown to a considerable size in jars as small as a Mason quart jar. 

The plants on the right were inoculated with the fungus referred to tentatively as 
Cephalosporium sacchari. The plants in the jar at the | ef were controls and received 
no inoculation. 
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